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1. INTRODUCTION TCECONOMIGANALYSIS

9 w De@odiomic analyses of adaptation and mitigation strategies foiSttagte of Maineconsist ofa
variety of metrics that depend on data availability and what is being measured.

The goal of performing economic analyses is to inform whether an economiexiatso implement
strategies. Economics alone should not inform the decjsisthe feasihlity of analysige.g., data
availability, credible methods) and resource constraints often make it impossible to monetize all the
benefits and costas well aghe equity, political feasibilityand other factorghat the Stateof Maine
needs to consider

We dividedour analyse®y working group area. Reported resuits each of these sunalysesnclude
an overview of theoroposedstrategyand a description of the benefits (as well as a crre$srence to
the list of working group strategiegjuantitative results from theeconomic analysjsnethodsand
limitations, and recommendations fofuture studies.

We performed severatypes of economic analgs in this volumehat valy depending on the strategy

1 Benefit-costanalysis:Thiscouldincludeboth marketand non-market(e.g.,the valueto
recreateeventhoughit isfree, and no moneymay changehands)benefitsand costs Theoutput
is often presentedasaratio of benefitsto costor a net benefitover someperiod of time.

1 Cost-effectivenessanalysis:Particularlyfor the greenhousegasreductionand sequestration
strategieswe presentthe lifetime costt whichcouldbe a costincreaseor costsavinggandbe
anegativecosteffectiveness/aluer per metric ton of carbondioxide(CQ) reduced.

1 Economidmpactanalysis Thiscouldrefer to the changein wages humberof jobs,or revenue
asaresultof implementinga strategy.
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2. COASTAL AND MARINE

This section includetree strategies from théviaine Climate Council Coastal and Marinerkifwg
Grou @020a)A Report from the Coastal & Marine Working Group of the Maine Climate Council

i Strategy3: Enhancanitigation by conservingandrestoringcoastalhabitatsthat naturally store
carbon(bluecarbonoptimization)

i1 Strategy4: Promoteclimate-adaptiveecosystenplanningand managemenusingnature-based
solutions

i Strategy6: Createclimate-readyworkingwaterfronts.
2.1 BLUECARBONOPTIMIZATION

Coastablue carbon is the carbon that coastal resources such as salt marshes and estgyasster
with sequestration rates that excedlle rate ofterrestrialecosystems such as foregddcleod, 2011;
Pendleton, 2012)As these resources diminish duedea levelise,the accompanying carbon
sequestration is also losktrategy3 of the Coastal and Marine Working Group cfdisincreased
conservation andestoration of coastal hatats to support blue carbon.

Benefits: The actions outlined within this strategypportcarbon sequestration as well asange of
ecosystem servicescludingstorm protection,water quality,andbiodiversity.Outside of these
economic benefitsrestorationprojectfunding would likely go tincrease irstate jobswhile the
projects are ongoing. These temporary jobs would likely be a ntigtbflessspecializedcandsome
higherpaying more-specializegositions however, we did not analyze the constructidme impacts
as part of this analysis.

2.1.1 Economic Analysis Results
ERG performed a benefibst analysisf salt marsh and eelgrassstorationas compared to

1 Theamountof CQ theseresourcessequester
1 Themonetizedvalueof that CQ, usingboth the socialand marketcostof carbon

1 Themonetizedvalueof other ecosystenserviceghat theseresourcegrovide.

This analysis builds on Eastern Research Gr@up w [RO28)C st of Doing Nothing Analysiy
estimating the cost to restore salt marsh and eelgrass and comparing this cost against the monetized
benefits of these resources (carbon sequestration and other ecosystem serVicesgsults of this
analysis are summarized Trablel, and discussed in more detail in Sectibh.2 Overallrestoration is
more costefficient foreelgrass because eelgrass sequesters more carbon thamaalh The State of
Maine should consider thearbon sequestration cosdffectiveness informatiomlong with9 w D Q &
additionalevaluation of ecosystem servE@resented belowConsilering cebenefitsof ecosystem
serviceencourages us to selemtstoration sitesthat can maximize sequestration and additional co
benefits.While we focused on the casbf restoration for this arlgsis the costs of protecting existing
resources will typically be mbccheaper and more cogiffective than restoratiorwhile providinga
similar level of benefits

WERG 2



Tablel. Summary of Blue Carbon Restoration Efftctiveness

Year Restoration Cost/Metric Ton CO Restoration CostV/alueof Restoration Cost/Other
Equivalent CarbonSequestered Ecosystem Servicegalues
Low High Low High
2030 $1673 $6,200 481 16,238 22 11
2050 $3,043 $11,880 487 12,676 22 10
2100 $13058 $53,186 735 6,825 22 10

2030 $15929 $76065 262 11,742 5 17
2050 $22,876 $112,061 273 9,288 5 17
2100 $52,788 $321933 378 5,635 5 17

Sources: Bayraktarat al., 2015; Bureau of Economic Analysis, 2020; Costanza et al., 2008; Drake et al., 2015; Intera
Working Group on Social Cost of Greenhouse Gases, 2016; Kroeger et al., 2017; Maine Climate Council Coastal and
Working Group, 2020&8artow-Gilies et al., 2020Maine Dept of Marine Resources, 2010; Maine Natural Areas Prograrr
2014; McLeod et al., 2011; National Oceanic and Atmospheric Administration Office for Coastal Management, New H
Department of Environmental Services Coastal Rnogrand Eastern Research Group, Inc., 2016; Roman et al., 1997; Sy
Energy Economics, 2020; Troy, 2012.

Note: For the cost of carbon, the low estimate uses the market cost of carbon, and the high estimate uses the social ¢
carbon.

2.1.2 Methods and Limitations

9 w (ZDA0)Cost of Doing Nothing Analysis partbased ordata provided by théMaine Climate
Council Coastal and Marine Working Grg2p20b) presented theamount of carbon buried by salt
marsh and eelgrasshe social and market cost of the carbon burial lost, and a valuation of other
ecosystem servicabat salt marsh and eelgragsovide Here weestimate the cost of restoration and
compare hat cost to thecarbon and monetized benefits derived in t@est of Doing Nothing Analysis
As mentioned abovehe costs would be reduced, likely dramaticalihen considering protection of
existingeelgrass beds or sattarsh through a conservation feeasement, or other mechanism to
protect the land.

2.1.2.1Eelgrass

In our Cost of Doing Nothingnalysisweestimated thatuptomu 2 F al Ay S (Faf eglgfabsNI &
could be lost by 2100, resulting i to 60,874metric tons of lost carbosequestration.

To estimate the costs to restore eelgrass, we rely on data from the datdbasBayraktarov et al.
(2015)developed in preparatiofor their (2016)review of primaryiterature, reports, and databases of
restoration projects performedvera 40year period. The database includebst of projects by

resource type, including the location, cost estimate, year of the cost estimate, and other information.

To estimatethe cost of restoring salt marsh in Maine, we limited the entries inBlagraktarov et al.
(2015)data to projects in the Northeasinited Stategor seagras$ We thenconverted the cost of each
project to 2019 dollars usg the Bureau of Economic Analy&620)implicit price deflator for gross
domestic product, resulting in an average$6b,932.14er hectare. We projected the cost in future
years (2030, 2050, and 2100) using therage annual increase in theaplicit price deflator for gross

1 For seagrass, this includes six projects undertaken between 1995 and 2004 in New Hampshire and
Massachusetts.

WERG 3
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domestic product1.89 percent Thisyieldsthe valueto multiply thecost by in a given yeao track the

projected future growth of gross domestic produdie refertotisY dzf G A LJX A SNJ | A SNES A§ D5 t
the tables belowFinally, we converted from a cost per hectare to a cost perkine area unithat the

Cost of Doing Nothing Analgsisedfor blue carbon (se@able2).

Table2. Eelgrass Restoration Unit Cost
Year ~ GDP Multiplier | $/ha $/km?

2019 1.0000 $313,918 $31,391,767%
2030 1.2286 $385,683 $38,568,317%
2050 1.7864 $560,794 $56,079,391
2100 45543  $1,429,667 $142,966,66¢

Sources: Bayraktarov et al., 2015; Bureau of Economic Analysis,

TheCost of Doing Nothing Analysistimated the amount of carbon burial lost under four scenarios,
depending on the amount of marsh area lost and amount of carbon b(Maihe Dept of Marine
Resources, 2010; Mcleod, 201Wking those figures, evdivided the aggregate amount of carbon buried
statewide by the km of salt marsh lost under each scenario in each year to estimate the carbon burial
per kn? (seethe top of Table7).2

After estimating the cost to restore 1 Krof eelgras{Table2), we compard the cost of restoratio
with the amount of carbon buried by salt mar@bp of Table3) to estimate the cost of restoration per
metric ton of CQ@(results shown in the bottom ofable3).

Table3. Eelgrass Restoration Cdsffectiveness ($etric TonCQ Equivalent)
Low Burial Amount Scenario High Burial Amount Scenario

OIGES | High Loss Low Loss High Loss
2030 13,098.90 6,220.80 23,054.06 10,948.61
2050 10,469.53 4,720.32 18,426.37 8,307.77
2100 6,220.80 2,688.07] 10,948.61 4,731.01
2030 $2,944.39 $6,199.89 $1,672.95 $3,522.67
2050 $5,356.44 $11,880.41 $3,043.43 $6,750.23
2100 $22,982.0% $53,185.55 $13,057.97 $30,219.0€

Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Maine Climate Council Coastal and Marine W
Group,2020ky Bayraktarov et al., 2015; Bureau of Economic Analysis, 2020.

Next, we consider how the cost of restoration compares to the monetized benefits that salt marsh
provides, as measured using the social cost of carbon, market cost of carbon, and a valuation of other
ecosystem serviceQur calculations for deriving thes@luescan be foundn Appendix A othe Cost of
Doing Nothing Analys{the catulations are from the following sourcdateragency Working Group on
Social Cost of Greenhouse Gases, 2016; Synergy Energy Economics, 2020; National Oceanic and
Atmospheric Aministration Office for Coastal Management, 201Bividing the results from that

analysis by the number of Kof salt marsh lost under each scenario and year results in the values
shown inTable4.

2 Note that the amount buried varies by year because the estimated number of tidal marsh crossings with
restrictions varies as the sea level rises, and that influences the amount of carbon buried.
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Tabled4. Eelgrass Cost of Carbon and Other Ecosysterit@&skn?
Low Burial Amount Scenario

High Burial Amount Scenario

Low Loss High Loss Low Loss High Loss
2030 $22,269.95 $45,522.39 $39,195.11 $80,119.41
2050 $30,732.53 $65,465.74 $54,089.25 $115,219.7(
2100 $51,268.6( $110,559.44 $90,232.74 $194,584.67
2030 $2,375.22 $4,855.24 $4,180.39 $8,545.21
2050 $4,424.08 $9,424.08 $7,786.39 $16,586.39
2100 $20,946.95 $45,171.57 $36,866.63 $79,501.9€

2030 $1,776,762.9§ $3,631,912.5¢ $1,776,762.94 $3,631,912.5¢
2050 $2,583,462.11 $5,503,232.91 $2,583,462.17 $5,503,232.9]
2100 $6,586,180.0¢ $14,202,931.4¢ $6,586,180.0¢ $14,202,931.4¢

Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Interagency Working Group on Social Cost of
Greenhouse Gases, 2016; Synergy Energy Economics, 2020; Bureau of Economic Analysis, 2020; Maine Climate Cc
and Marine Working Grqy 2020k National Oceanic and Atmospheric Administration Office for Coastal Management, !
Hampshire Department of Environmental Services Coastal Program, and Eastern Research Group, Inc., 2016.

[a] The other ecosystems services valuation is based on the area logbasdot depenan carbon burial.

Table5 shows the results of owwompaison ofthe cost of restoration (fronTable2) to the social cost of
carban, market cost of carbon, and monetized value of other ecosystem servicesTabied).

Table5. Eelgrass Restoration Cd&tnefit Ratio
Low Burial Amount Scenario |

High Burial Amount Scenario

Lowloss |  HighLoss | LowLoss High Loss
2030 1,732 847 984 481
2050 1,825 857 1,037 487
2100 2,789 1,293 1,584 735

2030 16,238 7,944 9,226 4,513
2050 12,676 5,951 7,202 3,381
2100 6,825 3,165 3,878 1,798
[Ratio, RestorafiorCostto Other Ecosystems Valud$ |
2030 22 11 22 11
2050 22 10 22 10
2100 22 10 22 10

Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Interagency Workil
Group on Social Cost of Greenhouse Gases, 2016; Synergy Energy Economics, 2020; Bu
Economic Analysis, 2020; Maine Climate Council Coastal and Marine Wer&iqm2020hL
National Oceanic and Atmospheric Administration Office for Coastal Management, New
Hampshire Department of Environmental Services Coastal Program, and Eastern Researc
Group, Inc., 2016; Bayraktarov et al., 2015; Bureau of Economic An202s,

[a] Other ecosystems services are based on the area lostlamidbt dependon carbon burial.
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2.1.2.2Salt Marsh

In ourCost of Doing Nothing Analysige estimated that up t602 ¥ a |-appyoSifiadely 70 to 100
km? of salt marshcould be losto sea level risgresulting in up t80,868metric tons of lost carbon
sequestration.

To estimate the costs to restosalt marsh, we rely odata fromBayraktarov et ak2015)(whichwe
alsoused for edgrass).

To estimate the cost of restoring salt marstMaine, we limited the entries in thBayraktarov et al.
(2015)data to projects in the Northeasinited Statedor salt marsk? We thenconverted the cost of
each projecto 2019 dollars using the Bureau of Economic Ana{2680)implicit price deflator for
grossdomesticproduct, resulting in an average 865,932.14per hectare We projectedthe costin

future years (2030, 2050, and 2100) using the average annual increaseiingliat price deflator for
gross domestic product.89 percent. Finally, we converted from a cost per hectare to a cost per km
the area unitthat the Cost of Doing Nothingnalyss usedfor blue carbon (se@able6).

Table6. Salt Marsh Restoration Cost

Year GDP Multiplier $/ha $/km?

2019 1.0000 $65,932 $6,593,214
2030 1.2286 $81,005 $8,100,504
2050 1.7864) $117,784 $11,778,35€
2100 45543  $300,273 $30,027,294

Sources: Bayraktarov et al., 2015; Bureau of Economic Analysis,

TheCost of Doing Nothing Analysistimated theamount of carbon burial lost under four scenarios,
depending on the amoundf marsh area lost and amount of carbon bur{@&fake, 2015; Roman, 1997;
Kroeger, 2017; Maine Climate Council Coastal and Mavioeking Group, 2020¢)We divided those
figures for theaggregate amount of carbon buriethtewide by the km of salt marsh lost under each
scenario in each year to estimate the carbon burial pet (seethe top of Table7).

After estimating the cost to restore 1 Krof saltmarsh(in Table6), we comparel the cost of restoration
with the amount of carbon buried by salt margin the top of Table7) to estimate the ost of
restorationper metric ton of C@(results shown in the bottom dffable?).

Next, we consider how the cost of restoration compares to the monetized benefits that salt marsh
provides, as measured using the social cost of carbon, market cost of carbon, and a nalfiatieer
ecosystem services. These values were derived it of Doing Nothing Analygiateragency

Working Group on Social Cost of Greenhouse Gases, 2016; Synergy Energy Economiestan2a,;
2008; National Oceanic and Atmospheric Administration Office for Coastal Management, 2016; Troy,

3 For salt marsh, this includes 17 projects undertaken between 1997 and 2003 in New Hampshire, Massachusetts,
WK2RS LatlyRZ bS¢ 2N YR GiGKS JItlFOAFGSR Yy2NIKSI ailoe
4The four scenarios in th@ost of Doing Nothingnalysisvere low area lost/low carbon bial, low area lost/high

burial, high area lost/low burial, and high area lost/high burial.

5 Note that the amount buried varies by year because the estimated number of tidal marsh crossings with

restrictions varies as the sea level rises, and that inflaerthe amount of carbon buried.
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2012) Dividing the results from that analysis by the number of &frsalt marsh lost under each
scenario and year results in the values shomwable8.

Low Burial Amount Scenario

Low Marsh Area

High Marsh Area

Table7. Salt Marsh Restoration CeSffectiveness ($4etric TonCQ Equivalent)

High BurialAmount Scenario

Low Marsh Area

High Marsh Area

2030 106.49 152.24 343.33 508.54
2050 105.11] 153.99 338.31 514.87
2100 93.27 168.93 295.57 568.82
2030 $76,064.65 $53,209.09 $23,594.0¢ $15,928.94
2050 $112,061.01 $76,486.99 $34,814.87 $22,876.39
2100 $321,932.6¢ $177,749.41 $101,590.74 $52,788.43

Sources: Drake et al., 2015; Romamlet1997; Kroeger et al., 2017; Maine Climate Council Coastal and Marine Working
Group, 2026; Bayraktarov et al., 2015; Bureau of Economic Analysis, 2020.

Low Burial Amount Scenario

Low Marsh Area

High Marsh Area

Low Marsh Area

Table8. Salt Marsh Cost of Carbon and Other EcosySievices/krh

High Burial Amount Scenario

High Marsh Area

2030 $6,468.1C $9,246.43 $20,852.4¢ $30,886.7¢
2050 $8,809.672 $12,906.9€ $28,356.17 $43,154.29
2100 $13,041.61 $23,620.44 $41,327.79 $79,534.85

2030 $689.86 $986.19 $2,224.04 $3,294.26
2050 $1,268.18 $1,858.01 $4,081.99 $6,212.25
2100 $5,328.45 $9,650.67 $16,885.4] $32,495.77

2030 $1,639,935.81 $486,306.97 $1,639,935.8f $486,306.97
2050 $2,384,511.7] $707,103.61 $2,384,511.7] $707,103.61
2100 $6,078,983.4¢ $1,802,663.0¢ $6,078,983.4¢ $1,802,663.0

Sources: Drake et al., 2015; Roman etl&97; Kroeger et al., 2017; Interagency Working Group on Social Cost of Greel
Gases, 2016ynergy Energy Economics, 2020; Bureau of Economic Analysis, 2020; Maine Climate Council Coastal a
Working Group, 2026 McLeod et al., 2011; Costargial., 2008; National Oceanic and Atmospheric Administration Offic
for Coastal Management, New Hampshire Department of Environmental Services Coastal Program, and Eastern Res
Group, Inc., 2016; Troy, 2012.

[a] The valuation of ther ecosystem servicesbased on the area lost and an "Estimate A" and "Estimate B" for the
valuation of ecosystem services, not the baseline marsh area or burial amounts.

Table8 shows the results of our comparisontbe cost of restoration (fronTable6) to the social cost of
carbon, market cost of carbon, and monetized valuetber ecosystem service$able9 presents these
valuesin terms of costbenefit ratios where therestoration cost is divided bthe social cost of carbon,
market cost of carbon, anonetized value of other ecosystem servid®@ased on the datdimitations,
and caveats provided by the Coastal and Marine Working Gresforationof eelgrass and marsh
strictly for carborsequestraion ismuch lesgosteffectiveandhasa much worse cogbenefit ratiothan
most mitigation and sequestration strategies proposed by the Maine Climate Council
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Additionally these findingsighlight the importance ofelecting targeted restoration projexthat,
because of their location, providehigh value of other ecosystem servicas well ashe importance of
preservingsalt marshwhere possiblerather than restoring it after it has been inundatéaks the cost of
preservation should be far less thaestoration to achieve the same bengfipecificanalyses of
eelgrass andnharsh restoration and preservation in sites in Mawiéh the potential for high cdenefits
(e.g.,flood protection for a populated areajould likely showa costeffective measure witla favorable
benefit-cost ratia We provide examples afatural infrastructurebenefit-cost ratiosin the Gulf of
Mexico inSection 2.2 & | a S -.bl HIIANS{ Dfthdgliepdty & € 0

Table9. Salt Marsh Restation CosiBenefit Ratio
Low Burial Amount Scenario

High Marsh Area

Low Marsh Area

High Burial Amount Scenario
Low Marsh Area

High Marsh Area

2030 1,252 876 388 262
2050 1,337 913 415 273
2100 2,302 1,271 727 378
2030 11,742 8,214 3,642 2,459
2050 9,288 6,339 2,885 1,896
2100 5,635 3,111 1,778 924
2030 5 17 5 17
2050 5 17 5 17
2100 5 17 5 17

Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al., 2017; Interagency Working Group on Social Cost of (
Gases, 20168ynergy Energy Economics, 2020; Bureau of Economic Analysis, 2020; Maine Climate Council Coastal &
Working Group, 2020b; Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Costanza et al., 2008; National
and Atmospheric Administratn Office for Coastal Management, New Hampshire Department of Environmental Service
Coastal Program, and Eastern Research Group, Inc., 2016; Troy, 2012; Bayraktarov et al., 2015; Bureau of Economit
2020.

[a] The valuation of otheecosystem services is based on the area lost and an "Estimate A" and "Estimate B" for the
valuation of ecosystem services, not the baseline marsh area or burial amounts.

2.1.3 Recommendations for Further Analysis
Future analysemight include:

1 Conductinga costeffectivenessanalysiof eelgrassand marshrestorationfor specificsitesin
Mainewith high potential for highrimpactco-benefits(e.g, flood protection for a populated
area)to evaluatehow the costeffectivenesgatios maydiffer from thosepresentel above.
Studiesin the Gulfof Mexicohaveshowna favorablebenefit-costratio, and we might expect
the samein Maine.

i Integratingthe probability of projectsuccesso calculatean expectedvaluefor restoration
Bayraktarowet al. (2016)estimatethat only 38 percentof seagrassestorationprojectsand64.8
percentof saltmarshprojectsare successfulWe did not incorporatethis into our analysisput it
would makethe costbenefitratio lessfavorablethanit alreadyis.

i1 Performingother actionsthat the Maine ClimateCouncilCoastabnd Marine WorkingGroup
(2020a)identified aspart of this strategy:

WERG
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and sequestration

- Tracking changgin sequestration/emissions over time

2.2 USENATURE-BASEDSOLUTIONS

Strategy 4 of thévaine Climate CoundBoastal and Marine Working Gro(@020a)identifies specific
actions b promote coastal community and ecosystem resiliedtyefollowingactionswill help
communities adapt to changing environmental conditipimgrness natural resourcgand protect jobs,
infrastructure, and biodiversity

Fosterclimate-adaptiveplanning

Promote nature-basedsolutions

Gonserveandrestoreecosystemso fosterresiliency

Restore hydrologicakonnectivity

Protect andrestorebeachesand sanddunes

Characterizeand mapmarineand coastalhabitats

Srengthenstormwater management

Recalibrateand strengthenprotectionsof inland naturalresources

=2 =4 =4 =4 =4 4 4 4 I

Improveother regulatoryapproaches

Benefits: Theseactionspromote ecosystem services protection and biodiversity resiliency, whialit
in co-beneits to coastal communitiesThe cebenefitsrange fromimportant naturalchanges such as
improving air quality, protecting water quality, anelstoringhealthy fish and wildlife populations
changesthaRA NB Ol f & | T F S Gsiich asttimulath@the tobirdm yidustriand decreasing
costs associatedith community infrastructure

2.2.1 Economic Analysis Results

ERGerformedalliterature reviewto identify typical costs and benefits associagédh 1 K { G NI 4§ S3& n ¢
activities.Case studieand higheflevel literature on cosbenefit ratios fomature-based adaptatio
provided helpful insight intehe followingapproaches suggested by the working group:

1 Promotenature-basedsolutions

- Cost:Upto $1,000 per linear foot construction and $100 per linear foot annual maintenance
costsfor vegetatd living shorelinesersus between $5,000 and $10,000 per linear foot for
initial construction and over $500 per linear foot annually for harder infrastrucduch as a
seawals (NOAA 2015)

- Benefit:$2.06 million benét® from a 2,806foot vegetated living shoreline in Piscataway Park,
Maryland over the lifetime of the projec€2019$ converted from 2012$pamonte et al.,
2017).

5 The report did not specify the time period over which the benefit accrued.
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1 Protectandrestorebeachesandsanddunes

- Cost:$318 to $1061 per linear foot or between $5 and $32 per cubic yard of sand tarsts
beach nourishment projects

- Benefit: Projects to successtylprotect atrisk beaches in Mainesuch as beachourishment
would prevent wp to $39 million inost consumer surplug case of 50percentdecrease in
beach widthdue to sea level risaiider a scenario diighestastronomicaltide plus 1.6 feet
of sea level riseelative to 2000).

- Benefit: Avoiding costs to rehabilitate a spesion the endangered list, which on average
reach$15.9million (mean)or $1.4 million(median)

Benefitcostratios forthese types obeach nourishmenprojectshave been found teange from0.3 to
1.7for projects alonghe U.S.GulfCoastOn theother hand, mture-based wetland restoration projects
in this regiorhavebenefit-cost ratiosranging fromabout2 to 9. Thehigher returnstended to befor
wetland restorationprojectsthat focused on risk reductiqrsuch aghosearound real estatavith high
flood risk,while the lower returns tended tdoe forconservatiorprojects(Reguero et al., 2018)

Federal grants are available for many projects thaply naturebased solutions taddressclimate

change in areas such as watjuality, habitat restoration, and natural infrastructure. In 2020, the U.S.
FishandWildlife Service Coastal Program granted Massachusetts between $800,000 and $1 million for
projects thatrestorefreshwater wetlands and fish habitats and impeavater connectivity. This

program also awarded Texas $715,000 to construct a F@3diving shoreline.

By researching hazard mitigation and adaptation projects funded over the last couple decades, the
Federal Emergency Management Age(fegMAYound thatwe canexpectan averagéenefit-cost ratio
of 6:1 when weinvest in these kinds of projec{blational Institute of Building Sciences, 2018hen
leveraging federal funding, this colilitrease the expected benefibst ratio toaround 12:1 (e.g., for

an even match)However, these funds cae hard towin, andstate and local matascan bean
obstacle Moreover,other requiremens can make the application process burdensome.

2.2.2 Methods and Limitations

ERG conducted a literature iew focused orthe typical costs and benefits gfomoting nature-based
solutionsand protecting and restoingbeaches and sal dunes

2.2.2.1Nature-Based Solutions: Living Shorelines

Samonte et al(2017)usedthe Impact Analysis for Planning (IMPLAN) IrPutput analysis framework
to extract direct, indirect, and induced effects on the local economy of conservation and restoration
projectscarried out under the AmericaReinvestment and Recovery A€heprojectsincludedfish
habitat, salt marshand wetland restoratiornisvaterway reconnectionsandnature-based solutions such
as living shorelines

Living shorelinesestore eroding shorelingsy installingorganicinfrastructureinstead ofa K 1€ NR
shorelineprotection infrastructurelike seawallsLiving shorehes tend to coslkess for both initial
constructionand operationsand maintenancehan hardshordines. Vegetationonly shorelines cost on
average up to $000 per linear foot for initial construction and up to $100 per linear fath yeafor
operations and maintenan¢hile seawallsnay costbetween $5,000 and $10,000 per linear foot for
initial construction and over $500 per linear fagdch yeafor operations and maintenanc@National
Oceanic and Atmospheric Administration, 2015)
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Living shorelineallow for natural accretion of tidal wetlandbut they do notprevent inland wetland
migrationas a result oea level riseThe benefits of living shorelines alsalidedissipating wave
energyand slowing inland water transfer whipgesening wildlife habitatsand ecosystem services
Piscataway Parlaryland a 2,800foot vegetatedliving shoreline wasonstructed along the Potomac
River creatinghabitats for various fish specigsprovingwater quality, andorotecting freshwater
wetlands.The total economic outpuftotal value of all goods and services produdeun the projec) of
constructing ths living shorelinevas$2.06million (2019%$ converted fron2012$) (Samonte et al.,
2017)

Implementation ofiving shorelinesnainlyoccuisin low energy areas that are protected from storm
surgeand large waveshowever,in cases wherg¢hey are feasibleliving shorelinesnay bea cost
effective nature-based solutiorio coastal erosion.

2.2.2.2Protect andRestore Beaches and Sand Dunes

Coastal beaches, dunemd marshegacethe risk of sea level rise and erosion from climate chaak

will thus need to migrate inlantb continue supporting biodiversity and community resilience.
Protecting and restoring beaches and dunes will be aaképn inprotecting communities fronsevere
storms andlooding This approacletan alsdimit the need for fadess desirable approaches such as hard
infrastructure €.g.,seawalls) or retreatfrom the coastBeach nourishmenbr adding beach sand
volume to increase beach widthrojects can range from #8to $1,061 per linear footor between $5

and $2 per cubt yard of san@g2019% converted from 2016%¢cording to the National Park Service
(2016)

al Ay SQa providdfl@& Baiection,habitats for rare speciesndrecreation and tourism
activities.ERGaptured these berfits by identifyinghe costs and losses that Maine would avbig
implementingprotection and restoratioractivitiesat its beaches and sand dundgsea level rise
destroysdune habitatsbiodiversitymay decreasgandit can be costly twecoverthose populations

The mean and mediaross over the project lifetime taecoveran endangeredpeciesan be$15.9

and $1.4 millionrespectively(U.S. Government Accountability Office, 20@isgpearing beaches and
duneswould also affeet A y SQ& 06 S| OK (ih2 GadbthfBoWig Notiin) dndlysisiBed L y
estimatedthat if 10.4 millionpeople go to beaches in Mainend 50 percentof bead areaislost ina
1.6feet of sea level rise scenar{oelative to the level in 2000)he statemayloseup to $39million in
consumer surpluassociated with beach triggastern Research Group, Inc., 2020)

2.2.3 Recommendations for Further Analysis
Future anajses nightinclude:

i1 Evaluatnga parkingor salestaxto gotoward managingoeachesBecause highconsumer
surplusis associatedvith a positiveexperiencethesetaxescouldcontinueto ensurepositive
beachexperiencesvhile bringingsomefundinginto the region.

i1 Incorporatinga comprehensiveeasestudyof the implementationandbenefitsof living
shorelines, hybrid (naturaland built) approachesandnature-based solutiorst ideallyin
Mainet for a costbenefitanalysis Thiscouldbe a study of anexistingprojector a proposed
projectand couldmodelthe net-presentvalueof benefits (focusedon avoideddamages but
incorporatingother co-benefitsif possible suchasincreasedproperty valuesandtaxesor
supportfor fishingandrecreation) overthe anticipatedlifetime of the project.
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i Performingbenefit-costand economicimpactanalysesssociatedvith the followingbeach
restorationbenefits:

- Biodiversity and habitat protection
- Flood and storm protectian
- Other ecosystem services offered

1 Incorporaing existingplanning,regulation,and managemengctivitiesin Maineandhow those
activitiesimpactclimateadaptationand preparednessTheremay be anopportunity to
incorporatethe typicalreturn on investmentof theseactivities.

2.3 QLIMATE-READYWORKINGWATERFRONTS

Strategy 6 of the Coastal and Marine Working Grprigritizesclimate-readyplanning, land use
planning,infrastructurefunding support, and resilience guidance and conservation efforts for facilities
that truly rely on awaterfront location to conduct operations, such @mmercial fishing fleets and
aquaculturists, recreational fishing fleets, and marinas and boatyards (to name a few).

Benefitdimpacts: This strategy preserves th@portant cultural and economibenefitsthat working
waterfronts provide forcoastal communitied.obster, thehighestvalue fishery in the statdrought in
$485 million in landings in 20{Maine Department of Marine Resources, 20Z0)e Coastal Marine
Working Grouglesignedhis strategyto help this sector adapb flooding, storm surgeand sedevel
rise while als@educinggreenhousegas emissiosand realizing new opportunities such as ocean
energy.

2.3.1 Economic Analysis Results

ERGonductedalliterature reviewof the costs and benefitef climatereadyworkingwaterfrontsto
inform investment irthis strategy We focused orcomponents of the strategy where cost and benefit
informationwere readily availablespecifically expandingarticipation in the Green Marinprogram
and development of a Working Waterfront Infrastructure Trust Fund.

ERGeviewedthe costs and benefitsfdhe Green Maringorogram andfound that an investment of
annual program coststandard fees for all participantej $2,842 to $10,335 for port authorities and
terminals (and up to $17,227 for global mtggctor companies and shipowne(§reen Marine, 2020)
reducesgreenhouse emissiorand provideso-benefitssuch ageducednitrogen oxide NOy), sulfur
oxide §Q), and particulate matteemissionsas well asmprovedwaste management

ERGlsoreviewedthe costs andenefitsof a Working Waterfront Infrastructure Trust Furd.terms of
costs, the Coastal and Marine Working Group estimatesdtsate fund of $1 million could likely
finance resiliency improvements at two 1® medium-sized working waterfrontge.g.,by retrofitting
ports and harbors and their attendant docks, sheds, shops, and)ydidme Climate Council Coastal
and Marine Working Group, 2020&j)is challenging to predict whether sughprovementscould
address dlmajor vulnerabilities along a waterfronbmmunity. Regardlesswhenwe look to a
waterfront community such a¥inalhaven as an examplgaterfront adaptationmeasureslearlyhave
major benefits. last year multiple ferry trips were canceled because of higlas whichmake it
dangerous to load or unload passengers and cargo from the. #&srgea levels continue to rigeps for
140,000 people and 45,000 vehicteghe island are expected to be canceleatch yearhaving
economicrepercussions and raising emergency access igssland Institute & Vinalhaven Sea Level
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Rise Comittee, 2020Fancelations and delays will increase over tamesea level risegiith service
limited by highandthen lower tides.

2.3.2 Methods and Limitations

Green Marinecertification program: ERGonducteda literature reviewfocused orthe costs and
benefits of the Green Marineertification programThs voluntary environmental certification program
for the marine industryuses performance indicators @ddress key environmental issues, including
greenhouse gas emissions.

The Coastal Marine Working Group identified reduceseghouse gas emissioasa primary benefit of
the program’ At present, twoMaine entities participate in the program: Federal Marine Terminats
Eastport(since 2007and BayFerries Limited ilBar Harboi(since2018. Onalevel of performance
rating of 1 to 5 (with 5 beingbestperformarce) for greenhouses gases and air pollutaregjeral
Marine Terminals received a rating4in 2019.This rating indicates that Federal Marine Terminals
completeda detailed inventory oits greenhouse gaand air pollutant ensisionsfootprint within the
lastfive years, and that itadopted a performance plan for air emissions resulting direfrthyn its
activities including reluction targets and measures. Bay Ferries Limitegived arating of2,
indicating thatit implemented policies and communicatits that discourageehicle idlingimplementd
measures to reduce track congestion and idling, pramoted sustainable transportation practicdsr
employeeqGreen Marine, 2020)

Overallthe Green Marine pogress reportstatethat the levels ofachievemenfor programparticipants
increase over timgwith some of the mosimprovemens seen in the number akrminals, ports, and
shipyardghat increa® their greenhouse gasatings. Facilitiesachievethese higher ratingprimarily by
setting upinventoriesto benchmark and then reduce emissiqi@&reen Marine, 2020Publicdata
guantifyingemissions reductionare not availableo date at the two Maine terminaJsor are there
projectionsfor reductionsin the event ofwidespread adoption of the prograrflowever,these broader
findings of steady progress by participants over time are promisintable,the Green Maringprogram
also encourages responsitdavironmentalperformanceon other issies such ablOy, SQ, and
particulate matteremissionsand waste managenme (Green Marine, 2020)

These benefits compare to a relatively moderatenualcost ofparticipation inthe programranging

from $2,842 to $10,33%or port authorities and teminals(andup to $17,227 forglobal mult-sector
companies and shigpwvners)(Green Marine, 2020 limitation of this review is that we were not able to
look at costs beyond annual fees. Participants undedlyt invest additional resources into conducting
the communications activities aremissionsnventoriesrequired toachieve higher ratings within the
program as well asn implementing improvements to reduce greenhouse gas emissions

Workingwaterfront infrastructure: ERG reviewed literature ahe costs and benefits of a Working
Waterfront Infrastructure Trust Funi increasethe resilience of waterfronts to floodingurrently,
there is nocomprehensivassessmendfa I A yi®rkirg waterfront siteghat are most vulnerable to
sea level rise, flooding, and storm surge impacts are thereassociated benefitost studies
Therefore we do not have a complete view of where thiate should directunds However studies
focused on segments of coast chuesthe Perobsca BayVulnerability Assessment and Resilience

7 It should also be noted that marine emissions e Maine Department of Environmental Protectiane a very
small part ofthe transportation setor, but thatgreenhouse gasmissions reductionare possible
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Planning Summary Repdrty R Ad&patiod Planning Studjpowntown Waterfront Area
Damariscotta Maine (whicheachinclude somecost estimates to improve resiliengyyrovide ahelpful
starting point(Wood Environment & Infrastructure Solutions, Inc., 2048on, 2014)We alsoknow
that as of 2007the state has81 prime working waterfront access poir{tsland Institute, 2007)which
by their natureare situated inareassusceptible tasea level risémpacts

Studies suchsthose byVinalhaven Sea Level RSemmittee lookig at sea level rise impacts ferry
transport show thatherewill undoubtedlybe major economic and cultural benefitis preventing
damage to or loss dheseremaining working waterfrontélsland Institute & Vinalhaven Sea Level Rise
Comittee, 2020)In addition,anyinfrastructureproject that wouldhelp protect or adapmany fish
housesat risk of flooding at 1.6 feet of sea level rigelative to the level in 200@yould benefitthe
community. Vinalhaverlanded the second most lobsters (by valeggry year over the pa&tyears
comparedto all other ports in Maindlsland Institute & Vinalhaven Sea Level Rise Comittee, 2820)
alargeportion of the O A (wdrkigice issmployed inlobstering and fishingiVhile Vinalhaven provides a
case studyf a particular community that could benefit from thWgorking Waerfront Infrastructure

Trust Fundit is challenging t@xtrapolatethis exampleo communitiesacross the state.

In terms of costghe Coastal and Marine Working Gropmvidedestimatesfor how many resiliency
improvement projects state fund of $1 miion could likely financémprovements atwo to 10
mediumsized working waterfrons The proposedund would be revolving, serving more sites over
time.

2.3.1 Recommendations for Further Analysis
Future analyses might include:
1 Completingavulnerabilityassessmenfior more workingwaterfront sitesalongthe Maine coast

andanalyzinghe costsand benefitsof adaptingsomeof thesesites

1 Conductinga quantitative analysisof greenhousegasemissims reductionsachievedoy the two
Maineterminalsparticipatingin the GreenMarine program

Analying potential reductionsfor Portlandthrough participationin the GreenMarine program.

Performingcasestudieson the costand benefitsof technicalguidanceand assistancenaterials
for municipalitiesthe Stateof Maine, andwater-dependentbusines®ownersasinitial program
results(relatedto this strategy)becomeavailable
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3. COMMUNITY RESILIENCE, PUBLIC HEALTIAND EMERGENCY
MANAGEMENT

This section includes strategies from ti@ine ClimateCommunity ResiliencepBlic Health, and
Emergency Management Working Growughich the following subgroups developed

1 CommunityResiliencd?lanning Sulgroup (Maine ClimateCouncilCommunityResiliene
PlanningSubgroup2020d)

- Strategyl: Perform omprehensivaeview of Maindaws toachieveresilience angconomic
security in theface ofclimate change

- Strategy 2improvethe systemfor deliveringtechnicalassistance omesilience to
municipalities

- Strategy 3Develop findingmechanisms t@achieveresilience

1 EmergencyManagementSubgroup(Maine ClimateCounciEmergencyManagementSubgroup,
2020)

Strategyl: Develop and implement a nedisasterrelated $ate Infrastructure Climate
Adaptation Fund that would allow municipalities and state agencies to access thetffigtyds
need to supplement the oftemxcessive local cost shares associated with adaptation projects

1 PublicHealthSubgroupgMaine ClimateCouncilPublicHealthSubgroup2020})

- Strategy 1improvepublichealth behaviorrelated toclimate impactsthroughinvestments in
public health monitoring andeducation

- Strategy 2:.Conductpublic educationabout climate changehealth effects andresources
- Strategy 3 Reducampacts fromhigh-intensityweatherevents

- Strategy 41mprovehealthse & (i Sapadciy tomitigate and adapt to climate change

3.1 PERFORMCOMPREHENSIVEREVIEW OFMAINE LAWS TOACHIEVERESILIENCE ANCECONOMIC
SECURITY

Strategyl from the Community Resilienddanning Sufroup callsfor a comprehensive review and
revision of several Maine statutes and their associated regulations that are integral to supporting
municipal, regional, andate-level adaptation and resilience.

Benefits: The reviewand revision will lead toeducedregulatory burden®n projects that achieve
resilienceresultingin faster implementation of resilience projecfaster approval and financing of
development ircity and community centerandfaster realization of associated economic recovéiye
strategy calls forimking rule changes with improved technical assistance and traiaimgorm
implementationand obtain ongoing inputfrom impactedcommunities(Maine Climate Council
Community Resilience Planning §udup, 2020d)

3.1.1 Economic Analysis Results

ERG conducted a literature review focusedioabenefits and costs of reviamg and revisng Maine
statutes related to adaption and resiliencEhe reviewprovides agualitative lookat benefits noting
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that this strategy supports timend costefficient implementation of many other adaptation and
resilience strategies mentioned throughout this repdther sections provide ore detailedeconomic
analy®s ofthese strategies. In addition, ERE&terminedthat other states, such as New York, have
found thatstate lawmaking provides an opportunity benefitmunicipal adaptatiofAdamsSchoen,
2018)

In considering th cost of thisstrategy, ER@sedii KS / 2 YYdzyAG& wSaAftASyOoS tfly
estimated minimum costs of statutory review and trainings 85(k000to $480,000(Maine Climate

Council Community Resilience Planrwgroup, 2020d) The subgroupndicatedthat key activities

(and costs) can be implemented by 2022ditional costs to consider in the future include lokealel

updates to ordinances and maps as welimpacts to town tax baseshen some propertiebecome

unbuildable.

3.1.2 Methods and Limitations

On the benefits sig, this strategysupportstime- and costefficientimplementation ofmanyother
resiliencestrategespromoted by theworkinggroups(ranging fromcoastal protectiorto actions to
reduce incidence of vectdoorne diseasp While no economic benefit informatiots availablefor
reviewing state statutesgxampledrom other stategpoint to the need for and benefit oftate
lawmakingto support and empower local governmemtork to promote resilienceNew York Stat@ a
Community Risk anesiliency Act of 20Igrovides an example aftate mandates and irntivesthat
helplocal governments overcomabstaclego decreasing develapentin vulnerable areafAdams
Schoen, 2018)

TheCommunity Resilience Plaimg $ibgroup estimated the followingnitial costs for implementing this
strategy:

1 Contractedservicego develop/revisestatutesandrulesif beyondthe capacityof existing
agencystaff ($100,00to 130,000paid by the state).
i Trainingcosts(at the statelevel)associatedvith:
- An expanded code enforcement and planning board training program ($50,000)
- Training of review staff in state agencies ($50,000)

- Partnerships or contracts with Maine Municipal Association and rediplaaning agencies
($100,0000 $200,000)

- Certification for contractors in resilient design practices ($50,000)

These costs sum $350,000to $480,000.In addition, there will be@sts at the local level to update
ordinances and map3here will alsdbe economiconsequenceat the local leveko town tax bases
when some propertiebecomeunbuildable. These costs have not yet been estimated

3.1.3 Recommendations for Further Analysis
Future analyses might include:

1 Analyzingavoideddamagessersuslost tax basewhenrevisedstate andlocalstatutes make
propertiesunbuildable
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Estimatngthe cost of locallevelupdatesto ordinancesand maps
Analyzingproject costsavigsdue to reducedregulatoryburdenandfasterimplemertation.

Analyzingncreasedspeedof economicrecovery(postdisaster)dueto reducedregulatory
burden.

3.2 IMPROVETECHNICALASSISTANCE

Srategy 2of the Community Resiliency Planning Subgrouproves thesystemfor deliveringtechnical
assistance omesilience tamunicipalitiesand establishes institutional infrastructure at the state and
regional levels to support resilience in all municipalitieise strategyappliesexisting governance
structures, proviésaccess to the most recent daaind tools, andhilorsassistance to municipal nesd
and capacity.

Benefits:Byinvesting in technical capacity building for municipalities and creating funding mechanisms,
these strategies wifprovide the foundation to support the resilience strategieveloped by each
subgroup.

3.2.1 Economic Analysis Results

To determine thecosts and benefits of Strategy BRG evaluatettie avoided costsef eachregion and
large municipality hiringheir own resilience planning/technical assistastaff. We found thatby
focusinggrant and operating suppotb regional agencieandhiring plannerswho canplay manyroles
(in addition toresilience planningthe Stateof Maine caravoidup to $425,000 in annual costs.

3.2.2 Methods and Limitations

ERG conductedlderature review focused othe benefits and costs of building technical capacity for
adaption and resilience.

ThelLand Use Planning Commissied a surveyo determinemunicipal planning capacitgpecifically
askingabout staff training on resiliengalanning issuesThe surveyesultsindicate that whilethe largest
Maine cities have imouse planning staff with resilience training, most other municipalities do not.
Many municipalitiedill this gap with regional planning staff

However, all the muripalities marked in redh Figurel receive neither local nor regional resilience
planning staff support. If the State were to fill this capacity gapibigg 12-15regional plannersand 10
localplanners With resilience trainingjor larger municipalitiest asalarycost of $65,008) the annual
cost would beb1, 430,000 to $1,6250,00However Srategy 2(budgeted at$1.2 million_focuseson
increasinggrant and operating suppotb regional agencieso they can hire planners who canpport
resilience planning among otheeeds.Thisapproach could avoidp to $425,000 irannualcosts(these
avoided costs are a key benefit of Strategy 2)

8 Salary estimate provided by Land Use Planning Commission. If all salary benefits are included, cost to state
budgets may be higher.
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Maine Minor Civil
A Divisions (2010)
Planning Capacity

In-house planning staff
and good (2 or more
staff) resilience planning
experience at the
regional level

In-house planning staff
and some (0-1 staff)
resilience planning
experience at the
regional level

No in-house planning
staff and good (more
than 2 staff) resilience
planning experience at
the regional level

No in-house planning
staff and some (1-2

} staff) resilience planning
experience at the
regional level

No in-house planning
staff and minimal to no
(0 staff) resilience
planning experience at
the regional level

O 12.5825 50
— — iles

Service Layer Credits: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors

Figurel. Municiparesilienceplanningcapacityacross thestate (byminor civil division)

The Community Resiliency PlannBgigroup has estimated the costs of implementi8gategy 2 as
follows:

1 $600,000f0r new state personnel
1 $500,000f0r additionalcontractualsupportfor regionalstaffing
1 $100,000for developmentof training programs

Ths sums to a total of $1.2 million from theli I G S 2 Genexdl Fuytl $odplement the strategy.
3.2.3 Recommendations for Further Analysis
Future analyses might include:

1 Assessingquitabledistribution of this technicalsupport.
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i1 Performinga benefit-costanalysisof the outcomesof technicalassistance.
3.3 DEVELOPFUNDINGMECHANISMS FORRESILIENCE

Strategy Df the Community Resiliency Planning Subgrowgates findingmechanisms t@chieve
resilience It recommendsexecutiveorders to establisitabinetlevel coordination across state agencies
so that funding priorities are consistent and can reach communities and regional organizhtibase
ready to implement adaptation solutions.

Benefits:Funding resilience projects will encourage job tica(in design, construction, project
management, operations, and maintenance) and support additional benefits to commuimitikaling
avoided economic disruptiasocial continuityand reducedesponse tims after disastes.

3.3.1 Economic Analysis Results

ERG conducted a literature review on qualitative costs and benefits related to Strategy 3. Bettkfits
impactsof the strategy are wideanging as it provides funding support across resilience projects.
Coastal resiliency planning through tBeuthern Miine Regional Planning Commisgiwavides an
example of how further support and funding for regional bodies can supportleeeal resilience
planning. More detailed planning and costisghecessarto identify the increased staff capacity and
size of revolving funds and grant prograthat the State of Maine will creatmoving forward More
broadly, ERG looked at nationkdvel literature whichshows anaveragebenefit-cost ratiofor investing
in hazard mitigation strategies &1 (National Institute of Building Sciences, 2019)

3.3.2 Methods and Limitations

A ley benefit ofStrategy3 is thecreation of consistent funding prioritiend streamgshat enable
communities andegional organizationgo implement adaptation solutiondhe strateg provides a

range of funding options from public and private souraesvell axreativefinancing ideas within and
0Se@2y R al Ayiaing shppdtRoStNEEmMergency ManagemsabgoupQ groposed State
Infrastructure Climate Adaptation Fun@ihe specific benefits achieved will depend on specific projects
and initiaives that receive funding.

Broadly, we can look to existing examples of regional organizations providing bénédital
municipalitiesn the state For examplethe Southern Maine Regional Planning Commissmmucts
economic development, environmental, land yaad transportation planning and prowedtechnical
assistance t@9 nmunicipalities The Commissioalso increasingly provasclimate resilience planning
support.In January 2020, thEommissiorhired a newCoordinator forRegionalSustainability and
QoastalResiliencyto develop local andegionalclimate actionand coastal resiliengglans. This
increa®d regional planning capacity will benefaveraljurisdictions(Sullivan, 2020)n addition,the
Southern Maine Regional Planning Commisgias awarded a Coastal Communities Giantuly 202
to develop a modebrdinance for community resilience that could be adapted to a variety of local
circumstancesThis is another example bbw the State of Maie cancosteffectivdy use resourcesto
updatelocalordinances.

In terms ofthe costs toimplement Strategy 3 hte Community Resiliency Plannigbgoup outlined
severaloverarching budget needs that will require detailed costing moving forwErdse include:
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1 Fundingthe administrativecostsassociatedvith issuingexecutiveorders,involvingthe public,
andengagingstate agenciesaroundrevisedprogramcriteria. Examplecostsincludehiring
additionalstaff acrossseveralagenciesand developingonline andin-personengagement
materials.

Providingfundingsupportto municipalitiesto coordinake with neighbors
Increasindinancialsupportto regionalplanningagencies

Developinghew mechanismgo financenaturalinfrastructurefor riskreduction

= =/ =/ =1

Establishing StatelnfrastructureClimateAdaptationFund(asrecommendedoy the Emergency
ManagementSubgroup)

i Establishing Maine ClimateCorps(Maine ClimateCouncilCommunityResiliencdlanning
Subgroup2020d)

As we await moreletailedbudgeting existing studies indicatihat we can expect a positive benefibst
ratio when we invest in hazamitigation projects A recently updated study from the National Institute
of BuildingScience$2019)found that benefit-cost ratios forupdatingbuildingcodes and adapting to
hazards ranged from 11:1 to 4:1 (based on codes and federal grant appladidating thatthese
projectsare a wise investment.

3.3.3 Recommendations for Further Analysis

Future analyses might includietailed costing oeachStrategy Jactionfor creating financing
mechanisms

3.4 DEVELOP ANO MPLEMENT ASTATE INFRASTRUCTURKELIMATE ADAPTATION FUND

Strategy 1 of the Emergency Management Subgroup caltiefaloping and implementing non
disasterrelated State Infrastructure Climate Adaptation Fund that would allow municipalities and state
agencies to access the funitey need to supplement the ofteexcessive local cost shares associated
with adaptation projects. The subgroup explains that Maine curyemtls a backlog of 1,798 projects to
mitigate climate impacts at a proposedst of$325million across all6 counties, with many projects
deferred due to lack of local cost shares. Hisergency Management Subgrostpategy will help solve
this problem(Maine Climate Council Emergency Management Subgroup, 2020)

Benefits:Key benefits of the strategy include increased participation in the National Flood Insurance
Program and development of a funding pipeline for adaptatiarjeuts leading tamplementationon

the ground. Ultimately, this strategy will support implementation of many adaptation strategies
recommended byhe other workinggroups and lead to reduced disastecovery costand damages.

3.4.1 Economic Analysis Results

ERG approached this strategy by reviewing literaturénerreturn on investment for similar state funds

as well as theosts and benefits of investing in adaptation more generally. Reviewing similar state funds
showed the opportunity todverage these dollars into a larger federal grant for hazard mitigégjven

that many federal grants require a local matdipreover,the National Institute of Building Sciences
(2019)reports a costbenefit ratio of 16 for several major federdlindsrelated todisastermitigation.
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3.4.2 Methods and Limitations

Thereturn on investmenfor the adaptation funccan be calculatedh terms of additional dollars
leveragedrom federalfunding Looking to many other staexamples, we can see a range of state

disaster and emergency relief funds that provide a portion of-feateral cossharesdzy RS NJ C9a! Q&
Hazard Mitigation Grant Program, with those celsares generally ranging from p@rcentto 25

percentstate and Qoercentto 13 percentlocal(Maine Climate Council Emergency Management

Subgroup, 20205hould Maine follow a similar example agige municipalities matching funds, we will

see them leverage federal adaptation dollars several times largerttiebudget provided by local or
statefunding

Broadly, theState InfrastructureClimate Adaptation Fund will support implementation of a range of
adaptation strategies, many of which have proven to show net benefits over time. The National Institute
of Building S8 y’ OlSa#ioflal Hazard Mitigation Saves: 2018 Interim Reportsiders the benefits of

FEMA postlisaster funds as well as several other federal disaster mitigatilated funds over a 23

year period and reports benefitost ratios. The study found thatese grants returned $6 in value for

every $1 investedNational Institute of Building Sciences, 2019)

Through County Hazard Mitigation Plans, $325 million dollars in backlogged project needs have been
identified. Assuming &5%percentmunicipality/statecost sharaequirementfor federal hazard

mitigation grants $325 million accessed through a state climate adaptation find over time can open an
additional $975 million in federal dollars (about $1.3 billion total). For a prejéb a 6 to 1 beneficost
ratio overall, this could be about a $7.8 billion benefit and approximately a 24 to 1 bepsfitatio

based on the state and local contributioraio.

A recent engineering analysis of the Saco Water Resource Recovety Eseihplifies he needfor

such a matchEngineering consultant Tighe and Bofa19)estimated that it will cost $10,800,000
OG2LIAYA2Y 2F LINROIFO6fS O02adé0 (2 LINRpeSdianniakKS FI OAf
change storm. Ifthé A (1 @ 2Watef Reso@d@® Recovery Department ideesifederal funds for 75

percentof the costssecuring fundgor the remaining $2,700,000 presents a major challefMaine

Climate Coucil Emergency Management Subgroup, 2040jis is where the State Infrastructure

Climate Adaptation Fund could assi$tnatch requirementsre reduced or eliminatedn the future,

state funds could be used to tayf project funding.

TheEmergencyManagement Subgrougoes not expect costs to develop and implement the fund
beyondthe dollars allocated to the fund itself (no major developmental or administrative costs are
expected).

3.4.3 Recommendations for Further Analysis

Moving forward, @ economic anlgsis focused on thos&325 million in backloggegrojects couldhelp
further prioritize projects.

3.5 IMPROVEPUBLICHEALTH BEHAVIORRELATED TOCLIMATE IMPACTS THROUGHNVESTMENTS IN
MONITORING ANDEDUCATION

Strategy 1 of the Bblic Health Subgrougpalls forimprovedstatewidepublic health monitoring and
education capacityelated to climate changanpacts including air allergens, particaamatter, ozone
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depletion, harmful algal blooms, vectdrorne diseass, and increasedrowntail moth populationsand
Vibrio infections.

Benefits: The strategyprovidespublic health programthe datathey needto appropriately identify and
address emerging public healigsues. In addition, it supports efficient userefourcesensuringthat
the mostpressing issueeceive fundingUltimately, the strategy will lead to disease preventicior
example throughan emergency shellfisiisheriesclosure due ta harmful ajal bloom ofdongterm
management oLyme diseasesk(Maine Climate Council Public Health Subgroup, 2020)

3.5.1 Economic Analysis Results

ERG conducted a literature revidacused orthe costs and benefits of a subset of the activities
recommended by the Public Heafabgroup under this strategy specificallyimprovedvector
monitoring to limit the spread of Lyme disease aadstern equine encephalitis

Increased incidences of Lyme diseare associated witkthe range expansion of deer tigkwhichis
attributed to expanding whiteailed deer populations, suburban development in forested areas, and
warmer/shorter winters ERG found thaactionsto limit Lymediseasecanavoidcosts of treating
patientswith Lyme diseasacross the state. In 2018)e Maine Center for Disease Contr@ DG
reported 1,405 new patientwith Lyme diseasaVe estimatethat cost to treat these patients is
approximately $11.5 milliofbased on 2018 patient numbergndthesepatient numbers(and
associated costgre expected to grow without interventiomhese increasingostsjuxtapose the cost
of expanded and consistentanitoring and public education around titdorne illness and prevention
(cost estimates will be needed from Maine CDC moving forward).

ERG found that acti@to limit eastern equine encephalitis another benefit of improved vector
monitoring. While outlreaks in Maine have been limited to dathe science indicates thaley are

likely to rise(Birkel & Mayewski, 2018Flimate change leads to increases in summer precipitation and
humidity, increased frequency ektreme rain events, earlier degree day accumulation, and warmer
falls, which create conditions that exacerbate eastern equine encephalitis transmission (Birkel &
Mayewski, 2018)in 2018, patientsvho suffered a transient episode faced approximately $80,3
(2018p converted from 1998) in direct medical costsvhile those who suffered from residual sequela
from eastern equine encephalitfaced direct intervention costs afbout $5.76 million (2018

converted from19959 per patientovertheir lifetimes (Mllari, 1995).

Maine can avoid@ne of these health costsy spendingon consistentvectordisease monitoring and
control measuresk-or example, mosquito control districts in Massachusetts havanaualbudget of
more than$2 million.

3.5.2 Methods and Limitat ions

Akeybenefit of Srategy 1 isthe avoidedcosts of treatingpatients withLymediseaseacross the stateln
2018, Maine CDC reported 1,405 new patiemith Lymedisease As discussed in thi@ost of Doing
NothingAnalysisthe cost to treat these patients is approximately $11.5 million. Both these case
numbers and total treatment costs are expected to continue rising without major interventions in tick
monitoring and contro{or without major reductions inglobalgreenhoug gas emissions tamit climate
change) These increases juxtapose tbests of expanded and consistent monitoring and public
education around ticlkoorne illness and prevention. Maine CDC and partners will work on calsdag
activities as the strategynoves forward.
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Avoided costs of treatinfyiture eastern equine encephalitjgatients is another benefit of improved
vectormonitoring. While outbreaks in Maine have been limited to date (and the specifics of future
outbreaks are hard to project)he sciece indicates that outbreaks are likely to r{&rkel & Mayewski,
2018) As discussed in theost of Doing Nothingnalysispatientswho suffered a transient episode

faced approximately $40,360 (208)an direct medical costsvhereaghose who suffered from residual
sequeladue toeastern equine encephalitfaced direct intervention costs about $5.76 million

(20185) per patientover their lifetimes(Villari, 1995). Clearly, costs would quickly multiply in the case of
a major outbreakWith a monitoring program in place across the state, public health officials could
quickly identify the emergence of an outbreak or prime conditifamsan outbreak and responcpidly

and appropriately to keep the public safe.

The costs of treatingastern equineencephalitis juxtapose theostsof more consistent mosquito
disease monitoring andontrol measuresThe annuabudget ofmosquitocontrol districtsin
Massachusetts amounting tomore than$2 milliort providesa point of reference in terms of costs
(Maine Climate Coundtublic Health SubgroyR020, with increasedcosts to spray during an outbreak.

3.5.3 Recommendations for Further Analysis
Future analyses might include:

9 Identifyingspecificcostsfor the state for sprayprogramsthat couldimpactcommercially
importantindustriessuchascommerciaffisheriesandthe lobsterindustry.

1 Performingdetailed costingof an expandedick and Lymediseasemonitoringandeducation
program

3.6 CoNDUCTPUBLICEDUCATIONABOUT CLIMATE CHANGEHEALTH EFFECTS ANORESOURCES

Strategy 2 of the Public Health Subgraalis foractions to increasénhe statewidecapacityto provide
public health educationk@out climate change effects and resourc8gecifically, this action
recommendsnvestingim F Ay SQa / SyYyGSNJ F2NJ 5AaS8SlasS /2yiNpt
9y @A NZR Y Y Sy i lphblictedu@aiios eXarts @olhie health effects of climate change, such as

vectoro 2 Ny S RA&SIaSa FYyR $622R avY21Ss FyR GKSarf G @

guality alerts,and high heat and cold warningsgshich can help the publistaysafe under adverse
environmental conditions.

Benefits:Public health programs and outreach wiltimately help the public adapt to the impacts of
climate change. For example, the public will have the information and tools needed to reduce their
exposure to vecteborne diseaseandto know when and where to go to cool off on an extreme heat
day(Maine Climate Council Public Health Subgroup, 2020)

3.6.1 Economic Analysis Results

ERG conducted a literature review focusedloacosts and benefits of a subsaftthe education and
outreach activities recommended by the Public He&ihgroup under this strategy specifically
improved woodstove exchange andtreach around managing high heat index days

Old wood stovesmit a mixture of harmful gases and small particles that can cause asthma atatks
severe bronchitisaggravate heart and lung diseasad increase the likelihood of respiratory illnesses
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(Burn Wise, 2019ERG found that a pgram to exchange old wood stoves can help avoid some of the
health costs associated with treating these illnesg&ssts range from a few hundred dollars for an
asthmarelated hospital visit to up to $50,100 for cardiovascular symptoms or a respiratepjitab
admission(Black, 2006)

+SN¥2y Q& 622Ra0(20S SEOKI y 3the cdsibid@ tedtawe ofMIiBedor R S &
createsuch gprogram. As of May 201%ermontused $700,000 in funds teplace 359 stove@my
Kolb, 2019)with somefundingremainingfor additional replacements

ERGlsofound thatby educatingresidentsabout therisks of high heat index daygaine can savan
estimated$1.9to $3.2 millim in healthcare costs in 2050 a8@.9 to $8.1 million in 21Q@iven

projected increases in high heat dayslditional work is needed to estimate staff needs (and associated
budget needs) t@dequately expand public health outreach.

3.6.2 Methods and Limitations

Strategy?2 highlights the need for Broad woodstove exchange program across the statal a public
eduation campaigrto encourage participation Such a program would lead homeowneraige clean
burning, highefficiency stoveswhichcould reduce greenhouse emissigadthoughthis was not
calculated)and provide the cébenefit of avoiding the health impas of poor indoor air quality. Studies
assessing the economic cost of particulate mattdated illnesesestimate the followinglirect costs
(each studQ aethwds vary)Black, 2006)

1 Hospitalizatiorfor cardiovasculasymptoms: $28,300to 50,100(2019%)
1 Respiratoryhospitaladmission:$8,500to 50,100(2019%)
1 Asthma(no hospitaladmission)$240to 410(2019%)

More information is neededboutthe number of Maine residents living with outdated stoves as well as
an analysis fothe number of health incidents avoiddxy replacing those stove3hese initial health
costs provide a starting point for considering costs to avoid in the future.

In terms of costs to implement the program, the stove exchange program in Vermont psauide
example. Its first round of funding ($300,000) in 2€A®17 supportedhe replacement of 247 stoves.
Vermont is irthe midst of a second round of stove funding ($400,0083 of May 2019, the program
exchange 112 additional stoveAmy Kolb, 2019)

Strategy? also emphaizesthe need for outreach and education aroupteparing for and responding to
high heat index days. As discusse8 iw D(ZDA0)Cost of Doing Nothing Analydisghheat index days
(which feel like 90F or hotter)are increasing in Mainévloreover,exposure to extreme heat is linked

a range of negative health outcomes, including heatstroke and heat exhaustion; renal failure;
dehydration; exacerbations of existing cardiovascular, respiratory, cerebrovascular, and diceted
conditions; effects on fetal health; preterm bighand mental health conditions

Each yeanMainersexperience an average of just over 200 emeedepartment visits and almost 15
hospitalizationdor heatrelated illnessegMaine CDC, 2020)hese health care costs sum to at least
$224,000per year If emergency room vistand hospital visits are directly proportional to the number
of days with a heat index over 90 °F, health care costs williesto 14 times higher in 2050 (costing
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$1.9to $3.2 million) and 13 to 36 times higher (costing $2.9 to $8.1 million) in Z1BGugh public
health educationand related stepghe State of Maine can avog&bme of these costs.

In terms ofthe costs to implemenpublic education around high heat days, the Public Healtigroup
explained that the primary costs for alttivities urer this strategywould be for increase staffing
Moving forward, a specific assessment of staffing needs wildloessary

3.6.3 Recommendations for Further Analysis
Future analyses might include:

1 Assessinthe numberof staff neededto expandpublichealtheducationprogramming(andthe
associatectosts)

Researchinghe numberof Maineresidentslivingwith outdatedwoodstoves

Determiningexpectedhealthincidentsthat canbe avoidedif woodstovesare replaced
3.7 REDUCHMPACTS FROMIGH-INTENSITYWEATHEREVENTS

Strategy 3 from the Public Health Subgrauifi increase preparedness forandthus decreasehe
impactsoft highrintensity weather eventen water systems and public healtlfihe strategy will
specifically aim to regulate activities thaiayrelease chemical contaminants intlminking water
suppliesabatecombinedsewer overflow dischargesmonitor correspondindiarmful algal blooms, and
asseswulnerabilityof drinking watemvells from flood inundation due to climate change

Benefits: Theoutlined actions for this strateqwill protect water sourcesensue the sustainability of
drinking water in Maingand preventhealth risks to both humans and shellfisbm water
contaminants By gowing and improving infrastructure aroun@nd usemeasues andshellfish habitats
this strategy will alsincreasdand valuesand promote a sustainable shellfish industipvesting in
preventive measuresuchas those outlined above will alseduce costassociated with remediation,
treatment, and moiitoring of thesehigh intensity weather impacts.

3.7.1 Economic Analysis Results

ERG performed literature reviewto identify the benefits and costef takingmitigating actions to
preventcombinedsewer overflow dischargesCombinedsewer overflowsoccurmost frequently during
highrintensity weather events that cause excesgivecipitationor seasonaflooding.

The cost®f this strategywill be associatedvith replacing and improvingombined sewemfrastructure
to prevent discharges'he Maine Depart@nt of Environmental Protection estimates thater the next
five yearscontinuedcombinedsewer overflow abatementactions willcostapproximately$232 million
(201%), adding to theb634 millionspent throughout Maine since 198Bhe currentcombinedsewer
overflow abatement projects, howevemaynot consider theeffect of climatechange on precipitation
levels.

The benefitof this strategyare, in part, the avoided costs fronoverflow damagesExamples otosts
that Mainewould avoidby preventing dischargesclude:
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1 $2.2million lossfrom shellfishharvestingclosuresn MachiasBay(revenuelost between2001-
2009,2019%figure convertedfrom 20143$)(Evanst al., 2016)

1 $10000to $10million annuallyfor harmfulalgalbloomtreatment (Maine ClimateCouncil
PublicHealthSubgroup2020)

1 $10,000to $1 million or more per watershedchemicalpollution cleanup(Maine ClimateCouncil
PublicHealthSubgoup, 2020)

3.7.2 Methods and Limitations

ERG performed a literature revidfacused orcommon costsassociated wittcombinedsewer overflow
abatement The Maine Department of Environmental Protecttoacks thestateQ @émbinedsewer
overflowdischarges each year in a status repeficitingspending updates from communities their
combinedsewer system abatement activitie@Maine Department of Environmental Protection, 2020b;
Maine Department of Environméal Protection, 2019)These activitietnclude installing wastewater
storage tanksseparating sewer systemandpermanentlyclosingcombinedsewer overflow locations
and would be part of the costs of implementitigs strategy

ERG quantified thbenefitsassociated with reducingpmbinedsewer overflow dischargeusing the

costsof such erflows thatcommunities would avoiDischarges of untreated sewage wateny

release solids, industrial pollutants, or bacteria suck asolinto public water bodies, which madkien
contaminate drinking water suppliesd worsen harmful algal bloonsadouxHumery et al., 2016;

Maine Climate Council Public Health Subgroup, 20Rflne Department of Environmental Protection,
2020b) The chemical pollution cleanup from such an event may cost from tens of thousands to millions
of dollars depending on the amount of chemgarea polluted, and complexity of the cleaneffort

(Maine Climate Council Public Health Subgroup, 2@&#f)jilarly, when a harmful algal bloom occurs, it
may cost$10,000to $10milliondollarsti 2 NBf 2 OF 6S G KS 41 G4SN 42 dzNDOSQa
algal bloom, and condutngterm water quality monitoringMaine Climate Council Public Health
Subgroup, 2020)

If these contaminants alsenter recreational or fishing watershey cancause beach and shellfish area
closuresEvans et ak2016)found thatcombinedsewer overflowsled to the closure ovaters in
Machias Bay, Maingo shellfid1 harvestingor 89 monthsbetween 2001 and 2009. These closures
resulted in doss of 1.3 million pends of clams, or $2 million in revenue.

Maine can decrease or eliminate tests presented abouey preventingcombinedsewer overflow
dischargesind thusrealizethe benefitsof this strategy.

Theseavoided costs do not represent thiell rangeof benefitsof mitigatingand preventinguture
combinedsewer overflowdischargeso Maine communitiesThe potential overflow impactshat ERG
has presenteanay not occur with every eveninaking it difficult tacalculatethe generalized cosif a
combinedsewer overflow dischargand thesubsequentosts avoidedby implementing this strategy.
This analysis also does not quanhignefitssuch as increased land value or reduced health risks.

3.7.3 Recommendations for Further Analysis

Future analysemight include
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1 Aninvestigaton into the other benefitsof this strategy, suchasreducinghealthrisksto humans
by ensuringcleanand sustainabledrinkingwater.

1 Aninvestigationinto the benefitsassociatedvith promotinggreenspace recreatioral areas
andlandvaluewith better regulatedlanduse.

3.8 IMPROVEHEALTH SYSTEM®CAPACITY TOMITIGATE ANDADAPT TOCQLIMATE CHANGE

Srategy4 of the Public Health Subgrofgpcuses on develdpg and implemening adaptation and

mitigation strategieshatenableK ST f 1 K a2 aGSYya G2 NBaLRyR (G2 OfAYIl (S
four largest health systems to reach carbon neutrality within the séxtears. The ability of these

health systems to develop and ingohent adaptation planfor extreme weather events is also a key

goal of this strategy.

Benefits:Key benefits of this strategy include energy cost savings, reduced energy consumption coupled
with less significant impacts on hospital profitability, and ioy@d awareness of energy consumption

on the part ofboth hospital workers and patient§or this analysis, ER@&used on mitigation efforts

and did not include the potential adaptation benefits of this strategy.

3.8.1 Economic Analysis Results

ERG conducted ddrature review of thecosts and benefits afnergy conservation measures that

hospitals can implemenfdditional aspects of this strategy are not recognized monetarily, such as
positivehealth outcomes as a result of reduced emissions or the seconff@ctsof implementing

initiatives to reduce energy consumpti¢e.g. K S+ f 6 K ae@adisSy adalr¥¥fFQa AyONBIFas
usage which issubsequeriy passed ont@atients). Aspresented m the belowcase studyrom the

Gundersen Health SysterfRort HealhCare Hospitah Wisconsircut its energy costs bidentifyingand
implementingmultiple energy conseration measuresTo estimateCQ reductionsF 2 NJ al Ay SQa KS|I f
systems based on the Fort HealthCare exampieneeda combination oflata ontheir annual energy

usage per square foatheir size and the amount of CQhey emitper kilowatt-hour (kWh)

SUCCESS STORY: FORT HEALTHCARE HOSPITAL

The Fort HealthCare facility in Fort Atkinson, Wisconsin, represents an example of the cost savings that
recognized by instituting measures to reduce energy use. The hospital identified a wide array of energy
conservation measures, including rettcommissioning air handling units and upgrading LED lighting syste
and heating, ventilation, and air conditioning (HVAC) units. Before implementing these measures, Fort
HealthCare used about 78.7 kWh per square foot, which amounts to spending apprdyiftataillion a year
on energy (Gundersen Health System, 2020). After implementing the energy conservation measures,
recognized energy cost savings totaled $361,000 a year, and CO2 emissions decreased by nearly 4,00(
tons.

3.8.2 Methods and Limitation s

ERG searched for literature on energy conservation measures aindehleltingcost savings. ERG also
looked for case studies of hospitals that instituted plans for reducing emissions and cut energy costs.
One papepresented a theoretical project to deice carbon emissions and estimated the cost savings
resulting from these effortgBookhart, 2008)Gundersen Health System provided the most concrete
examples of the costffectiveness of climate change adaptation and mitigation plans. While ERG
presenteda case studyat only the Fort HealthCaréacility, Gundersen has multiple others thiaighlight
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the measuresospitalsimplemented and the cost savingsey achievedTheg case stughospitalsare
locatedin the Midwest

Tablel0shows the framework of the benefithat the Fort HealthCaréacility experiencedMaine could
use thisframework to estimateCQ emission reductions for a health systentlie stategiven certain
variables guch aghe size of the facility and how much eneiigyses per square footfhe CQ@
emissions metric shown in this talilea national average of @@missions pekWh of electricity usage
as of 2018EIA, 2020)

Tablel0. CQ Emissions Reduction Framewaqrkort HealthCare Facility

Parameters Value

Health system size (square feet) a 310,000
Energyuse (kWh per square foot) b 0.07872
CQ emissions (metric tons per kWh) C 0.00045
kWh used at the facility d=a*b 24,403
Metric tons of C@reduced daily e =c*d 10.96
Metric tons of C@reduced annually f = e*365 4,000

Source: Gundersen Heal8ystem, 2020; EIA, 2020.
3.8.3 Recommendations for Further Analysis

This analysis looked at the complete cost savings andddiQctions as a result of multiple
simultaneousactions. One suggestion for future analysis is to cost out specific measures and the impacts
that they have on C{&missions. Studies into the cesffectiveness of actions such as HVAC system
replacement and protocols for automatic computer stufit within health systemsould help identify
individual measures that aithe most impactfuand costeffective
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4. NATURALAND WORKING LANDS

This sectiorevaluates the costs and benefits of investinghia protection and conservation afatural
andworking landsThe key findings described belaapply(at a highevel)to each strateg developed
by theMaine Climate Coundiatural and Working Land&orking Groug2020)

i Strategyl: Protectandconservenaturalandworkinglandsandwatersthrougha dedicated,
sustainedundingsourceto supportarobustforest productandan agriculturaleconomy,
increasecarbonstorageopportunities,avoidfuture emissionsand enhanceclimateadapation
andresilience

i Strategy2: Createnew and updateexistingfinancialincentivesand supportfor privateland
managementandinfrastructurethat supportsclimate mitigation and adaptation

i Strategy3: Providetechnicalassistancen natural climatesdutionsto landownersJand
managersandagriculturalproducers

i Strategy4: Updateandrefocusstate programsand policiesto addres<climatemitigationand
resilience

i1 Strategy5: Strengtherresearchand development,aswell asmonitoring of climatemitigation
andadaptationpractices

Many of these strategies do not lend themselves to monetizationyever, together, they ultimately
help toconserve land and sequester £0huswe havefocused our economic analysis on the eost
effectiveness of proteatig and conserving natural and working lands to progdentitative insight into
the decisionmakingfor protectingthoselands as a sequestration strateggdditionally,nature-based
solutions from naturahnd working lands could similarly play a kele in mitigating flooding impacts.
SeeSection2.2, whichreferences the approximately 6:1 benefibst ratio forflood mitigation
strategies. We have not capturékis below in detail because of the overlefith the likely return on
investment presented in Sectidh2.

4.1 PROTECT ANDCONSERVENATURAL ANDWORKINGLANDS

Thestrategies from theNatural and Working Lands Wamlg Groupprotect and conservéheselands
and waters through aedicated, sustained funding source to support a robust forest product and
agricultural economy, increase carbon storage opportunities, avoid figmnissions, and enhance
climate adaptation and resilience

Benefits:A dedicated funding stream could implement an array of prgjacteduceemissionsy

protecting lands that storearbon.Forests currently sequester around fgércentof current @,
SYAaaAirzya Ay alAySs ai2NAy3I mo YAfftA2y YSUGUNRO
agricultural industriegsomprise7 percent2 ¥ al A Yy SQa ¢ 2 NJofs22Nlbighin bajeR | OO
every yeail(Maine Climate Council Natural and Working Lands Working Group,. 203 substantial
economiccontributions depend on forests and farmland remaining available and affordistalime

Climate Council Natural and Working Lands Working Group, 2020)
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4.1.1 Economic Analysis Results

ERG analyzed several scenariox@mteffectiveness o€arbon storage given differemates of land
conservatiorbetween 2020 and 2100. The results ¢cenfound inTablell. Thesestrategies for
preserving land from developmeate relatively coseffective ranging from about $4 to $18er metric
ton of carbon sequested. A highinitial investmentis the most coseffective conserving 10@ercent
of landsthat would have been developdaetween 2020 an@040. This plan of conserving 10ércent
of forests (10,000 acres per year until 2030 and 15,000 acres per yeb@dd)until 2040 wouldcost
$4 per metric torof carbonsequestered when considering all sequestration through 2100

Out of our modeled scenarios, the plan that would sequester the most carbon by 2100 would be a slow
increase in conserved land op2rcenteach year starting in 2020, vdhi would reach 10Qercentin the

year 2069, effectivelprohibitingthe development of forests(Tablel1). Thetimberland scenariothat

protect forests from being harvested for wood produate slightlylesscosteffectivefor sequestering
carbon dunng the same time periadrhis is becausthe land still sequesteara relatively high amount of
carbonfrom wood harvesting eveit it is notconserved.

It is harder to establisemissions changder agricultural landbecause they serve as a sourcéoth
emissionsaandsequestration. Currenthfarms are an overall source of emissiphst they can reduce

their emissiondy increasg crop cover, reducing tillage, and increasing nutrient management
practices. Additionally, agricultural land covers much less area (albperc@ntcompared to forests)
therefore, forests will have a vastly greater ability to sequester carbon comparadrioultural land.

For example, a scenario that increaseop cover by 2percent the use of reduced or ndill adoption

by 75percent andthe adoption of nutrient management practices by [@&rcentwould reduce carbon
emissions and increase carbon segtration by a net 66,000 to 133,000 metric tons of carbon per year
at a societal cost of $3.38 $6.79 million (based on the lower limit of the social cost of carbon in 2020).

Tablell CostHfectivenesf CarbonSequestration

Acreage arpo 0 D) pdvle o]ale

By 2030 | By 2050 | By 2100
ForestDevelopment Model - - - - - -
1% increase each year| 636,100 6,789,504 $72,933,452| $65 $27 $11
2% increase eagear 1,073,800 12,687,365 | $123,118,913 $65 $27 $10
10% + 1% each year 763,000 8,701,936 $87,483,452 | $53 $24 $10
20% annually 282,000 4,249,849 $32,333,333| $47 $19 $8
Initial investment 260,000 7,429,678 $29,810,875| $47 $14 $4
50% until 2050 205,000 5,415,473 $23,504,728 | $47 $19 $4
Timberland Model - - - - - -
1% increase each year| 637,632 3,809,857 $73,109,106 | $123 $48 $19
2% increase each year| 1,084,800 7,167,246 | $124,380,142| $123 $48 $17
10% + 1% each year 777,600 5,049,208 $89,157,447 | $100 $41 $18
20% annually 311,040 2,754,113 $35,662,979| $88 $33 $13
Initial investment 403,200 6,182,449 $46,229,787 | $88 $25 $7
50% until 2050 297,600 4,241,882 $34,121,986 $88 $33 $8

[a] Over the entire study period from 2020 2050.
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4.1.2 Methods and Limitations

Impacts from landuse changeERG created two models to capture the amount of carbon thaine
could sequester it increasedand conservation. The first modelbased on conservinigreststhat
would otherwisebe developedThe Maine Climate CounldNatural and Working LandsaikingGroup
estimatedthat about 10,000 acres will be developedch yeabetween 2020 and 2030, approximately
15,000 acregach yeaafter 2030 until 2050, and0,000 acreeach yeaafter 2050 until theend of our
analysis in 2100. The parameters for the model can be foudltel2. ERG ran the following six
scenarios for each model

Sart with 1 percentconservatiorandincrea® 1 percenteachyear(1 percentincrease)
Sart with 2 percentin year2020andincrease? percenteachyear(2 percentincrease)

Sart with 10 percentconservationn year2020andincreasel percenteachyear(10 percent
initial + 1 percentannually)

Gonserve20 percenteachyearwith no annualchange(static20 perceny.

CGonservel00percentof landsuntil 2040while conservinghothing after that (100percentuntil
2040)

1 CGonserve50 percentuntil 2050with no conservatiomafter 2050(50 percentuntil 2050).

In the timberland modelERG calculateithe amountof land that would have been lost layeraging the
acreage of timberlands lost per year.

ERG also conducted a literature search of other wagsMaine could reduce emissiors A y S Q&
forests cover nearly 17.6 million acr@utler, 2016) and roughly 9ercentof that land is privately
owned(Outdoor Partners, 2020Y here are two main tools to change landownbghavior:regulations
and incentives. Overall, Maine landowners seem accepting of environmental regulationaderdtand
why these regulations exigQuartuch & Beckley, 2014)

Agricultural lands in Maineould potentiallyreduce carlon emissionsTo date, theréhave been
challenges incorporating solar energy farms (Berguin, 2018)andcrops emititrous oxide from hay,
forage corn, and potato productiofrarms with dairy and beef cattle also emit matleaand nitrous

oxide and methane emissiomase related to livestock manur@MCC STS, 2028)aintaining cover crop
acreage or using noll or low-till production methodsan increase carbon sequestration on agricultural
lands(MCC STS, 2020)
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Tablel2. Parameters of th€arbon Sequestration Models
Parameters . Value Source
Maine Climate Council Natural and

Cost of land per acre $114.66 Working Lands Working Groi@020)

Development Model

Acres developed annually 2022030 10,000 Provided by the working grouplaine
Acres developed annually 2084050 15,000 Department ofConservatior2010)
Acres developed annually 2052100 20,000 P

Annual metric tons of carbon sequestered per ac  0.41 Bai et al(n.d.)

Timberland Model
Acres lost per year 19,200 | Maine Department ofConservatior(2010
Annual metric tons of carbon sequestered pere 0.22 Bai et al(n.d.)

Impacts of adopting more wood chip heating systenf®educing heating oil while replacifagsil fuel

based boilersvith wood chip heating systems would benefit Maine by increasing jobs, reducing

dependence on oubf-state resouces, decreasing carbon emissions, and saving money in thégiong

Though burning biomass still emif®}, replacing fossil fuel systems withrest harvesting byproduct in
high-efficiency systems could redu@&0,000 metric tons oEQ emissionseach ear(Buchholz & Gunn,

2017) Inadditiona F Ay SQa F2NBad yR ¢g22R LINRPOSaaAy3a AyRdzaGl
that is currently not used on a large scalisingthis byproduct could reducé K S dhéaitin Siluse

by over 2Qpercent(Buchholz & Gunn, 201X% Maine importheating oilfrom other states this

reduction in heating oil would save $274 million per year fteaving the state

The combination of reducing energy dependence on other states, saving money, and increasing local
energy productiorcould create over 2,000 jobs ovefiae-year period for installation of woodhip

boilers alone, ith the addition of over 4,000 indirect jol§Buchholz & Gunn, 201Energy conversion
would also benefit the environmery reducing annual carbon emissiofiem transportationby 10

percent (Buchholz & Gunn, 2017Jhough thet ( | dipBoRtdosts would beonsiderableat over $2.1
billion (Buchholz & Gunn, 201,4j Maine makeghis transition ovefiive years, it would only take 10

years forthe stateto save money.

4.1.3 Recommendations for Further Analysis

To continue this research, it would be beneficiabteak downa | A yd&vBldped areainto
agricultural lands and different types of forestsmposedof varyingtree species. Though that was
beyond the scope of this researduych aranalysicouldimprovethe level of accuracy of #hcarbon
sequestratiormodek summarized ifablell and Tablel2. Additionally,analyzinghow different land
conversiompoliciesimpact cevelopment wouldncreaseour understandingof how Maine could
implementthese land protections through legisian.
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5. ENERGY

This section includetree strategies from the Maine Climate Courteilergy Working Grou2020)

{ Strategyl: Ensurean adequate affordablecleanenergysupplyto meeta I A y180Qetrcent
renewableportfolio standard

i Strategy3: Encouragaiseof the Maine PublicUtilities/ 2 Y Y A & Bighlgeffickat combined
heatand power productionfacilities.

i Strategy4: Institute arenewablefuel standard
5.1 ENSUREADEQUATE AFFORDABLEQLEANENERGYSUPPLY TOMEETMAINE® GOALS

Strategy 1 of the Energy Working Grdopan adequate affordable clean energy supply to meet
al Ay S QetcentiRemewable Portfolio Standagbal and anyncreased load through the

development of centralized generating resources, distributed energy resources, and other measures.

This strategy outlines the economic benefits to the StdtMaineif it adoptsa decarbonization policy,
as well as affordable & energy sources thélaine canuseto achieve these benefits arr@achits
renewableportfolio standard goal.

Benefits:Amajor benefit ofincreasedenewable energysewould be reduced carbon dioxide
emissions to achieva I A y2830,2045, and 2050 goaddong with theassociatednarket and social
benefits of reduced emissionslajor health benefitare alscassociated with cleaner air from reduced
NQ, sulfurdioxide(SQ), ard particulate matterasassociated emissions are reduced to achieve these
goals Additionally, jols could be createdvhenimplementing and maintaininglean energyenerating
resources particularly if Maine caimcentivize manufacturing of these resources within Hege.

Because of the uncertainty of where these jobs could be located, we did not perform an aobjgbis
creationat this time.

5.1.1 Economic Analysis Results

gwbDQ& SO02y2YAO I Yy Inipénanisil)efelz@idmstSoRenetgyind 2)dbenefi@ af a
100percent renewable prtfolio standard

Levelizedcost of energyliterature review: ERG conducted a literature review focusedppovidinga
range of costfor renewable energy sourcelat canbe compared tahe costs of traditional non
renewable energy source$he levelized cost of energyNE F SNNBR (G2 aAYLX & |
this section)s often used taonsistentlycompare electricity generation metho@sdto estimatethe
costper unit of electricitygeneratedover theentire lifespan déthe generating plart includingcapital
and operating cost Tablel3 provides selectedostestimatesfor various renewable energy sources, as
well as the minimum and maximuoostvaluesper megawatthour (MWh)that we determined from

the literature review for each energy sourcehe table also includesatural gas and coal costs for
reference price®f nonrenewable energy sources

Qx
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Tablel3. Selected Levelized Costs of ElectrigiOEpr Energy Sources (2019$)
Strategy (Ming Max) (@

Cost

Geographic Location

Source

Non-Renewable Sources

(USS/MWh)

plant

Naturalgas (ming max)™®! $32¢ $104 NREL, 2015

Coal(min ¢ max) $43¢ $204 NREL, 2015

Solart Concentrated/Utility-ScalePhotovoltaic(PV) ($41/MWh ¢ $268/MWh)

Median $193 NREL, 2015

Median LCOE in 2030 $129 NREL, 2015

Median LCOE in 2050 $107 NREL, 2015

LCOE without federal tax credft $61 | New York Fu, Feldman, & Margolis, 201
LCOE with federal tax credi $41 | New York Fu, Feldman, & Margolis, 201
:J{ZcrlélggepgfafOE fora 1 Mw $76 | Quebec Doluweeraet al., 2018

Fixed PV LCOE for a 1 MW refereng $87 | Quebec Doluweera et al., 2018

Solart Distributed PV ($31/MWh; $601/MWh)

Median LCOE $290 NREL, 2015
Median LCOE in 2030 $129 NREL, 2015
Median LCOE in 2050 $97 NREL, 2015
Subsidized (mig max) $31¢ $111 | United Sates Lazard, 2019b
Windt Onshore ($11/MWhg $129/MWh)

Average for good to excellent sitéls $50 | United States DOE, 2015

Subsidizedg] (min ¢ max)

$24.¢ $46

United States

Lazard, 2019b

Windt Offshore ($56/MWhg $225/MWh)

2032hypothetical 600MW wind farm

$56

Maine

Musial, Beiter, & Nunemaker,

2020
Median LCOE in 2030 $97 NREL, 2015
Median LCOE in 2050 $75 NREL, 2015
Distributed Generation ($11/MWh; $515/MWh)
Biomasd COH! $39 | Quebec Doluweera et al., 2018
Biomass LCOE (2025 projection) $95 | United States U.S EIA, 2020
Biomass LCOE (2040 projection) $87 | United States U.S EIA, 2020
Geothermal LCOE (2025 projection) $37 | United Sates US EIA, 2020
Geothermal LCOR040 projection) $37 | United Sates US EIA, 2020

Energy Storage Battery ($102/MWhg $3,989/MWh)

Residential PV storage (ming max) | $457¢ $663 | Global Lazard, 2019a
Commermghndmdustrlal PV + $223¢ $384 | Global Lazard2019a
storage (ming max)

Wholesale PV storage (ming max) $102¢ $139 | Global Lazard, 2019a
Transmission andistribution (ming $2,351¢ Global Lazard, 2019a
max) $3,989

Demand Management ($0.00001/MW& $0.01971/MWh)

Nudgel!

$0.00004

Vermont

Pratt, 2020

Financiaincentivell

$0.00029

Vermort

Pratt, 2020
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Strategy (Ming Max) @ Cost Geographic Location

(USS/MWh)

Non-Renewable Sources
Financiaincentiveand education $0.00007| Vermort Pratt, 2020
Pro-sociall’ $0.00821| Vermort Pratt, 2020

[a] The minimum and maximum values reported next to the strategy name are based on the findings of the complet
literature review.Table13 presents a portion of these firnigs, and therefore may not include the strategy leading t
the minimum/maximum cost estimates.

[b] Natural gas combustion turbine
[c] Pulverized coal scrubbed and unscrubbed
[d] Based on grounghounted systems, fixed tjland oneaxis tracker PVs capable of gertérg greater than 2W.

[e] Based on groundhounted systems, fixed tiland oneaxis tracker PVs capable of generating greater thkW2and
with a 30percentfederal investment tax credit applied.

[[] ¢&Good to excellent sitésare those with average wind speeds of 7.5 meters per second or higher at hub height.
[g] Calculated with U.Sederal tax subsidies taken into consideration.

[h] Considers agricultural biomass, forest biomass, and urban wood waste.

[l Sentreports to customers comparingage to neighbors and providing energy conservation tips.

[l Consumer received bill discounts if they reduced energy consumption pgr2éntfrom the previous summer.

[kK] Consumer received bill discounts if they reduced energy consumption pgr2éntfrom the previous summer, as wel
as education materials regarding peak management and energy efficiency.

[l] Utilities donated to local charities when users responded in aggregate to demand response events.

Notably,the costof renewable energy vags greatly by the type of energy sourgeographic location,
year of analysis, anthethod of estimationFor exampd, based on the literature revieythe cosisfor
concentratedutility photovoltaic(PV)systemgange from $4IMWh to $268/MWh These valuedliffer
greatlydue to their associated estimation techniqu&REL(2015)provides theminimum, median, and
maximumcostestimatesbasedon data compiledrom published reports The maximuntostestimate
for concentrated solar @ver that NREL reports $268/MWh Fu et al (2018)found that the costfor
utility-scale P\h New Yorks $41/MWhwhen a 3Qpercentfederal investment tax credit is appliethe
Tablel3 notes provide dditional informationregarding theassumptions associated withese cost
estimates

More receri studies indicate that the pricef utility-scalePVhas continued to fallFor example,ni their
assessment of 60 power purchasing agreeméms 2018 Bolinger et al(2019)found that the median
cost is$39.1/MWh (or $53.8VIWh without the 30 percent federainvestment tax credit)Additionally,
they foundthat prices declied by 65 percentfrom 2011 to 2018.

As Maine makes progress towarehchingits 100 percentrenewableportfolio standard goalglectric
power use willrisedue tothe increase in renewable energy sourcas well ashe decrease in
dependenceon non-renewablesources of power such as naturakgand oil The State of Maine may
prevent costly investments to the gras a result oincreased electricity usey implementing energy
storage systems and demand management techniquesdbateag peak demangdwhichdetermines
the 3 NJrdR)Grad electricity capaty. Table13 provides cost estimatefor battery energy storage and
various demand management strategigszard, 2019a; Pratt & Ericks 2020) Energy storagsystems
canbe used to store energyuringlow use timeof the dayandthen provide electricity to the grid
duringhigh useiimes.Demand management strategidecreasgpeak demandy alteringwhen people
use energyhrough incentives and education

WERG 35



Asrenewableenergytechnologyadvancesthe cost of renewable energy has decreaggaballyt
including in the United Statesandis expected to continue decreasiag the technology is refined
(IRENA, 2020These trends can be seénthe lower costs associated withture projections ad the
generaly lowercossthat more recentpublicationshave estimated (se€ablel3).

Based on the extensive literature review conducted and present&alimel3, renewable energy
sources can provide energy at a cost comparable to-nemewable sourceNatural gasand coal based
on an NREI(2015)review of the literaturecostsbetween $32MWh and$104MWh and $43/MWhand
$204/MWh, respectivelyAlthough osts forconcentrated/utility-scalesolarand distributed solar
sources are variabJenanymore recent publications eghate that the costisless than $100/MWh
(NREL, 2015; Fu et al., 2018; Doluweera et al., 2018; Lapa&h) Similarly,cost estimates for onshore
and offshore windrary, but many estimate the cost to be less than $100/MWtusial & Butterfield,
2004; Wiser & Bolinger, 2008; IRENA, 2012; DOE, 2015; NREL, 2015; Lazard, 2019b; Musial et al., 2020)
Biomassand geothermaénergyprovideopportunities for distributed generation of electricigndcan

be very coseffective,generallypriced atless thar$100/MWh (NREL, 2015; Doluweera et al., 2018;
Lazard, 2019b; U.S. EIA, 20Ra)blications thakestimatecostsof biomass and geothermahergy
greater than $100/MWtare reporting the maximunastimated cos{NREL, 2015; Lazard, 2019b)

Benefits of a 10Qpercentrenewableportfolio standard: SynapseEnergy Economi¢2020c)modeled
emissions from a sustained policy baseline and a decarbonization patBR&/used theesults of this
modelingto monetiz the health impacts from redumons of particulate matterwith a diameter of less
than 2.5micrometers (PMs), SQ, andNQ; the social and market value of reduci@@; and theoverall
benefits ofthe decarboniation scenario

The sustained polidyaseline scenario assummthat Maine achieve an80 percent renewable portfolio
standardby 203Q while thedecarbonization scenario assugieachievesa 100 percent renewable
portfolio standard by 2050The scenarios also diffarthe assumptions made in the transportatiamd
buildings sectorsThe reader is referred t¥olume 3for more ddailsregarding the assumptiors
these scenarios.

Figure2 presentsa | A yg&e€hBouse gas emissions from the sustained policy baseline scenario and the
decarbonization scenaridhe decarbonition scenarideads to bwer greenhouse gas emissiotian
the sustained policy scenario

The decarbonization scenario not only reduces greenhouse gas emidzibiiglso significantly
reducesPMs, SQ emissions, antNQ emissionsTablel4 presents the cumulativenonetized benefits

of each pollutant reductiomver 10year time periods from 202 2050, as well as the total benefit
over the entire time periodf nearly $945 millionFigure3 shows the annual benefit from reductions in
these pollutantsEmissions from theustained policy scenario are much greater ttiae
decarbonizatiorscenario pet-2030largely due to théncreased power plarglectricitygeneration
required to meet theelectricity loadin the sustained policgcenarioThe reader is referred to Volume 3
for more detailed information.

WERG 36



30

20

Maine GHG Emissions Inventory (MMTCO,eq)
o

0

10% below
1990

Trans-
portation

Electric
Power

Industrial

Other

1990 2000 2010 2020 2030 2040 2050

Commercial

Residential

30

20

Maine GHG Emissions Inventory (MMTCO,eq)
«

0

1990

10% below

Trans-
portation
Electric
Power
Industrial

Residential
Other

1990 2000 2010 2020 2030 2040 2050

Figure2. Emissions frorsustainedpolicybaseline keft) anddecarbonizationr{ght).

Commercial

Tablel4. MonetizedBenefit of Pollutant Rductionsin 10-YearIncrements(Millions 0f2019%)

B Particulate Matter (2.5)

B Sulfur Dioxide

B Nitrogen Oxides

Pollutant | 2020:2029 20302039 20402050 | Total
PMes $22.0 $61.4 $50.2 $133.5
sSQ $0.0 $439.7 $324.6 $764.3
NO $2.9 $23.3 $20.0 $46.2
Total $24.8 $524.3 $394.8 $944.0
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Figure3. Annual monetized benefit of reductions in pollutants (2019
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Thedecarbonization scenarieducesa | A yC&®@naissionsTablel5 presents themonetized benefit

of this reductionfor consumption and productiorbasedemissionaisingthe marke value ofCQ and

the minimum and maximum estimates of the social valu€@f Productiorbased emissions consider

emissions from power plants that are physically located in Maine. Consumpdiesd emissions

consider alNew Englanémissions that aread 2 OA I G SR ¢ A U K a IBasgd®mibie St SOU NR C
market value ofcQ, the decarbonization scenari@sults inconsumption and productionbased

emissiondhat providea benefit ofaround$100 millionfrom 2020to 2050 When considering the social

cost of carbonye estimate thatthe decarbonization scenariprovides a benefit ranginfgom $950

millionto nearly $3 billiorfor consumptionrbased emissiongeductions andbetween$850 millionand

$2.5 billionfor productionbased emissiongeductions

Tablel5. MonetizedBenefit of Reduction inCQ (Millions 0f2019%)

202052029 ‘ 203052039 204052050 Total

ConsumptionrBased

Marketvalue $7.7 $42.3 $55.6 $105.5
Socialalue (min) $81.3 $412.2 $460.4 $954.0
Sociahalue (max) $244.4 $1,257.4 $1,412.8 $2,914.6
ProductionBased

Marketvalue $6.0 $39.7 $48.4 $94.1
Socialalue (min) $63.7 $388.3 $395.9 $848.0
Sociahalue (max) $192.6 $1,184.5 $1,215.9 $2,593.0

Synapse Energy Econom(2620c)also modeled thennualproduction and renewable program costs

for both scenariosThese two cost types vary basedtbe factors that theyconsider The production

costsinclude both the energy costs and capacity cogfisich are intended to approximate system costs
fromL{h bS¢ 9y3IflIyRQa SySNHE ITyeRenavabledcoSikpiedentthe N S a =
suite of different policies related teenewable energy payments outside of the energy and capacity

markets Examples in this category include the costs of complying with renewable portfolio stamdards
renewable energy standards (either through purchases of renewable energy certificates spot

market orthroughlongerterm agreements to purchase certificates), or the costs of complying with

other renewable program costs (such as requirements to contract for offshorg wind

Production and renewable program cosiee componens of consume costs however, they are not
proxiesfor consumer costsThe components of production and renewable program costs listed above
ultimately go into rates and consumer costs via complicated ratemaking procd@$ssecosts for the
sustained policy and decarbonization scengée shown in

Tablel6, aggregated by decade
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Tablel6 also presentstie net benefit, calculated as the cost difference between the sustained policy
scenario and the decarbonization scenario, based on production and renewable praggtanTide total
net benefit is the sum of the ndenefits from the production and renewable program co3tse anual
benefitsare shown inFigure4. Thedecarbonization scenaricanprovide atotal net benefit ofnearly

$2.8 billionfrom 2020to 2050.

Tablel6. MonetizedBenefit byProduction andRenewableProgramQosts Millions of 2019%)

CostType 20202029 ‘ 203052039 204052050 ‘ Total

Sustained Policy Scenario

Production costs $1,439.1 $1,826.9 $1,900.9 $5,166.9
Renewable program costs $125.6 $384.1 $795.5 $1,305.2
Decarbonization Scenario

Production costs $1,307.3 $982.3 $1,133.5 $3,423.1
Renewable program costs $115.0 $70.2 $86.0 $271.2
Net Benefit (Sustained Policy Scenagdecarbonization Scenario)

Production costs $131.8 $844.6 $767.4 $1,743.8
Renewable program costs $10.5 $313.9 $709.5 $1,034.0
TotalNet Benefit $142.3 $1,158.5 $1,476.9 $2,777.8
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Figured4. Annuaimonetizedbenefitby production and renewable program costs
5.1.2 Methods and Limitations

ERG performed a literature revide assess typical levelized costeakrgy to provide context for the
tradeoffs between varioug/pes of energy production. This literature review included buttorical
and projected levelized costand itresulted ina variety ofcost estimatege.g, capital cost, levelized
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cost of energyandannual operations and maintenance cpst renewable energy sources that covered
a range of geographic locatioriBablel7 provides a selection of the results fraime literature review

The specificcost esimatespresentedin Tablel7 were choserdue to a number of considerationbirst,
we only consideredpublications that reportedhe levelized cost of energipecausehis cost estimate
allows for easy comparison across sour&scongdwe emphasizegresentingcosts from geographically
relevant studiesin some caseshe study did not providéhe geographi@reait consideredWe also
prioritized pesenting avariety of sourcescost projectionsand recent publications

The literature revievprovidescost estimates tht can give a reasonabftange of costs associated with
different energy sources and technologiéswever, the performance of these technologidighly
depends on the geayraphic locatiorand conditions in whicthey are implementedThe literature
review emphasizedtudiesthat were geographicallglose to Maingbut the actualcostsfor Mainewiill
depend on more locally specifiactors such aweather, wind speed and consisteneyailable biomass,
geothermal potential, and other Additionally,technological advancements affect the price of
renewable energyTherefore,cost estimates of renewablenergy vary based on the yeafrthe study
andthe assumptions made regarding future costs of renewallergy.

To assess the benefits thfe decarbonization scenari@RG monetized theealth impactdfrom reduced
PM.5, SQ, andNQ;; the social and marketalue of reducingcQ; andthe change in fuel costs from the
two scenariosWe followed these methods:

1) ERG sed thePM:s, SQ, and NQemissionsestimatesfrom the Synaps¢2020c)modelingto
determinereductions forthe decarbonizatiorscenaricandthe sustained polichaseline
scenario We determined theemissiongeductionby taking he differencein emissiongor each
pollutant between thetwo scenariosERG sed alU.S Environmental Protection Agen¢EPA)
study (EPA, 2013p convert thosePM. 5, SQ, and NQreductionsinto a dollar value based on
the anticipatal health impacts (i.e., average estimated reduction in mortality and morbidity).
We thenconverted theEPAvalues from 2010$ to 2019% using the GDP deflatahlel7
presents the estimate value of a peton reduction from oaroad mobile sources in both 2020
and 2030For simplicity, we assumed 2050 had the same value per ton as 2030.

Tablel7. Value ofEachTon of PollutanReducedor ElectricityGenerating Unit§2019%)
Value of 1 Ton Value of 1 Ton Value of 1 Ton

Category

Reductionof PM25 Reduction ofSQ Reduction ofNO«

2020 value per ton reducefr

electricity generating units $362,3@ $97,019 $14,027
2030 yglue per top reduped for $420 87 $113,384 $16,365
electricity generating units

2) ERG sed both a market and social cost of carbon to estimate the benefit o€theeduction.

3) The market cost and the minimum and maximum estimatedial cost of carbon from 2020
2050 are presented iRigure5. Synaps€2020c)modeled theproduction and corsumption
basedCQ emissions fronboth the decarbonization scenario and the sustained policy baseline
scenario ERGleterminedthe reduction inproduction and consumptiorbasedCQ emissions
by taking the differencen emissiondetween the two scenariodVe then calculatedhe
monetized benefifrom thesereductiors by applying the markeatost and social cost of carbo
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4) ERG assessed thenefit of switching from the sustained policy scenadahe decarbonization
scenaricbasal on the annual production and renewable program costs of the scenarios
modeled by Synapg2020c) We calculated the difference in the production costs between the
scenarios, aneve similarly calculated the differenca the renewable program costs between
the scenarios. The differences represent tienefit of switching to the decarbonization
scenario. The total cost of each scenario is the sum of the production and renewable costs.
Therefore we summedhe production ad renewablebenefitsto determine the totalbenefit
from switching to the decarbonization scenario.
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Figure5. Market andsocialcost ofcarbon (2019%)

Limitations: The value o0PM. 5, SQ, and NQemissions reductiondepends on geographywhere the
pollution occurs relative tpopulation density and the existing levels of pollutiomhe values ERG used
are national averagefor electricity generating units.

5.1.3 Recommendations for Further Analysis

As noted in the introductiorthis strategymayimpact jobsin Maine. We recommend an economic
impact analysis tassess jobs lost by moving away from s@nergy generating resourcesmpared to
jobs gainedyy the new forms of electricityl his analysis asbeyondthe resources available fainis
report.

5.2 ENCOURAGHIGHLY EFFICIENTCOMBINEDHEAT AND POWERPRODUCTIONFACILITIES

Strategy 3 of the Energy Working Graggommends actions to encouragerbined heat and power
facilities becausehey are more eficient than the current systems used in Maihaine has 42
combined heat and powesites with a capacity of over 668 megawatts as of 2028. Department of
Energy, 2020ERG pdormed a literature review of combined heand power facilities to gather insight
into how these facilities could benefit Mainers.

Benefits:Combined heat and power facilitiescyclethe heatbyproduct frompower generationand
useit to warm areas, thus reducing emissions amdlundancy Because of this dual ussgmbined heat
and poweralsosaves costs and &conomically beneficiah the long term.
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5.2.1 Economic Analysis Results

Between 2005 and 2018Jaine built two new combined heat and power sigsoss all industriethat
have acombinedcapacity of 4.5 megawatts of ener@@hittum & Kaufman, 2011Though Maine is
uniquely capable of handling these facilities based on current regulaitdmess largely stayed away
from them.Onebarrier to incoporating these facilities is the lack of natural gas infrastructure
throughout the state. Maindiighly relies oroil to heat its homesOil accounts$or 62 percentof the
market, whilepropane accounts for 1fiercent natural gas accounts fabout 8percent andelectricity
accounts formbout 7 percen{Energy Information Administration, 202djhough Maine may be well
suited to take orthese projectsthe upfront costs are still a deterrerivenwith optimistic payack
thresholdsMaine would experiencehallengedo developthese facilitiedor industrial usgChittum &
Kaufman, 2011)

Massachusetts created 34 new combined heat and power facilities between 2005 and 2010, for a
combined totalof 41.8 megawatt$Chittum & Kaufman, 2011The increased construction of facilities is
in partdue tofinancialincentives from the stat¢Chittum & Kaufman, 2011jlowever, somdoundthe
studiesand paperwork necessary to take advantage of the incentivé® cumbersomgChittum &
Kaufman, 2011)Althoughmany facilities are being createthere isstill room to improve.

Becauseeombined heat and powdacilities provide electricity near the facility while capturing waste
heat to use for water or space heating, they are more efficient than alternative facilities that only
produce electricity. One study found that these facilities can reduce emissi@® bfy over 21
percent,though these numbers highly depend on theecific efficiency of theombined heat and
power systeminstalledas well as the system it replac@dago & Smith, 2012)

5.2.2 Methods and Limitations

ERG perforrad a literature reviewo gain qualitative insigistintothe benefits of combined heat and
power facilitiesERG focused th@erature reviewon the reduced emissiorfsom and costof
combined heat and power systems compared to usingitwdependentsysems.Although running a
guantitative model of the benefits of replacing the current infrastructure vhiigh-efficiency combined
heat and power facilities would heseful it was outside the scope of the current projeand we did
not find any Northeasspecific benefitcost analyses during our literature review.

5.2.3 Recommendations for Further Analysis

We recommend Maine perform a benefibst and coseffectiveness analysis for a fewitf42
combined heat and powdacilities. These data would heilgform any needed subsidies to promote
combined heat and poweand could provide useful data to potentially drive decisinaking towardts
wider adoption.

5.3 INSTITUTE ARENEWABLEFUEL STANDARD

Strategy 4 ofhe Energy Working Groupcludesimplementingincentives to produce rapid reductions
in heatingrelated emissions, as well agatingpilot programs to study the impacts that renewable
natural ga8and powerto-3 1 & a2f dziA 2y ad KI OHhis dtnftegy dlsb yicuMbiofudsy A 4 a A 2 Y

9 Renewable natural gas is a biogas largely composed of methane that comes from animal waste, food waste, and
the decompodgion of other organic matters.
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to power anaeobic digesgrs (e.g., capturing and burning biomethaamissiongeleased from dairy
waste, landfills, and wastewater treatment facilities for power instead of just reledisérg into the
atmosphere), biofuel from woody biomass, and biodiesel from usggtable oilsThis is an important
strategy, asMaine currently has the greatest dependence on oil for home heating obJaBgtate
(Maine Climate Council Energy Working Group, 2020)

Benefits: This strategy would increase economic activity related to the development of domestic
renewable fuels within Maine, as well as new technologies required for such fuels. A reduction of
groundwater pollutantdbecauseof more environmentally friendly farmingracticescould potentially
improve health outcomes as well.

5.3.1 Economic Analysis Results

ERG performed a cobenefit analysis of anaerobic digers, researchedhe costeffectiveness of
integrating biodiesel into home heating oil, and assessedtsteffectiveness of ethanol usage
compared to petroleum gasoline.

Anaerobicdigesters:Implementation of an anaerobic digestion system would red@€eemissions by
an estimated47.2 percen{Artrip et al., 2013)With total capital costs of implementing such a system
estimated at $403,200Navaratnasamy et al., 20Q8he cost of reducing G@missions per metric ton is
$1,442 However, his cost is only recognized the first year after implementing the systémcost to
operate an anaerobic digestion system in any given year is estimated at §8l@6&atnasamy et al.,
2008) which means that, on a ps&ear basis, the operating cost of reducihmetric ton of CQ
emissions is $33.able18 shows these cost figures per metric ton.

Tablel8. CostBenefit Analysis of Anaerobic Digestion System

Variable | Cost
Reduction iremissions as eesult ofanaerobicdigester (netric tons of Cee) 280
Cost ofsystem €apital cost) $403,200.0(
Operatingcost peryear $9,262.50
Capitalcost permetric ton of CQe reduced $1,441.54
Operatingcost permetric ton of CQe reduced $33.12

Biodiesel:Biodiesel is another renewable energy source thatreatuceemissionsBiodiesel caalsobe
used for home heating by mixing it with petroleum diesel. B20 is a common blents teahposedof

20 percentbiodiesel and 8@ercentpetroleum diesel. The National Oilheat Research Alliance found that
B20 blends with ultrdow sulfur heating oil aréower in CQemissions than natural gas when evaluated
over a 106year time periodNORA, 2015pand Krishn2004)found that the addition of biodiesel can
lead to lower emissions ™Q. Win Lee et al2004)found a 20percentand 13percentreduction inSQ
and particulate matter emissions, respectively, when using a B20 blendegidentialscale hot water
boiler. Macor and Pavanel(@009)report that pure biodiesel has shown a pércentaverage reduction
of carbon monoxide and particulate matter emissions. The national average price bid8fsel is
$2.36/gallon which is slightly cheaper than the national average price of petroleum diesel at
$2.61/gallon(Department of Energy, 2020)

Ethanol:Wang et al. (2012pund that ethanol from corn can reduce £€nissions by between 19 and
48 percent compared to emissions from petroleum gasoline. When considering costs to consumers,
ethanol is, on average, less expensive than gasoline. The cost of eth@pelctentlower than
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gasdine: $1.75 per gallomompared to$1.91 per galloprespectivelyDepartment of Energy, 2020a)
However, ethanol burns 27 percent less efficietitign gasoling(Department of Energy, n.d.)

5.3.2 Methods and Limitations

For the anaerobic digestion system analysis, ERG pulled data from two different sources. The cost
figures shown iMable19 come from the Agriculture Stewarkdip Division of the Alberta Agriculture and

Rural Development Departme(ilavaratnasamy et al., 2008)

Tablel9. Capitabnd Operating Costs of Anaerobic Digester

Totalelectricity production fromdairy manure andanimalfat (kwWh) a 463,125
Number ofdaysoperating (assumed 30 days inactive) b 335
Hours ofoperation perday c 24
Electricitygeneratorcapacity (kWh) d = a/blc 57.6
Capitalcost per kWh e $7,000
Capitalcost f=dx¢g $403,200
Operatingcost (per kwWh) g $0.02
Operatingcost peryear h=gx4d $9,262.50

We pulled theemissions reductions numbens Table20 from a 2013 article in thépplied Engineering

in Agriculture Journgkrtrip et al., 2013)

Table20. BEnissions Reductions of Anaerobic Digester

Baselinanodel CQemissions (metric tons per 100 cows) i 592.6
Realanaerobicdigestermodel CQemissions (metric tons per 100 cows) j 312.9
CQ emissiongeduction k=i-j 279.7
Percentageaeduction in C@emissions L =k/i 47.2%

ERG was also able to pulkidditional valuegTable21) from an energy savings analy@iavaratnasamy

et al., 2008)
Table21. EnergyCostSavings from Anaerobic Digester
Variable Cost
Cost ofelectricity (per kWh) m $0.06
Cost of heat (per GJ) n $5.50
Number ofdairy cows o] 100
Annualelectricity potential (kWh) p 1,227
Annualheatingpotential q 55
Savings omlectricity r = m*o*p $7,362
Savings ogas S = n*0*q $3,025
Totalannualenergysavings t=r+9 $10,387

5.3.3 Recommendations for Further Analysis

We recommend performinylaine-specific analyses on the cesffectivenesof reducingCQ emissions
by using biofuels to power anaerobic digesters, biodiesel for home heating, and biofuel from woody
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biomass. This will be important to monitor as some of these technologies até/edy new and the
costs may change as the technologies improve
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6. TRANSPORTATION

This section includeree strategies from thévlaine Climate CouncllransportationWorking Grouf a
(2020)StrategyrRecommendations to Mitigate Emissions and Support Resilience in Maine Buildings

i Strategyl: Expancelectrificationof transportation
i Strategy2: Reducevehiclemilestraveled(VMT)

i Strategy3: Exploremechanismdo fund transportationneedsand facilitate emissiongeduction

While othersectors haveeducedCQ emissions since 1990, the transportation sector in Malraes
increased emissions (&5 percentduring that same timeframéJaine Department of Environmental
Protectian, 2020a)In 2017, he transportationsectorwas responsibléor 54 percentof MaineQ @0
emissions

6.1 EXPANDELECTRIFICATION OFf RANSPORTATION

The State recommendeagkpandng electrification of lightduty vehicles to between 58nd 90 percent
and heavyduty vehicles tetween55 and80 percentof the total fleet by 2050Toachievethese
expansionsthis strategyemphasizes

i1 Providngequitableincentivesand grantsthat enamuragevoluntaryconsumerconversionfrom
gasolinevehiclesto electricvehicles(includingelectricbicycles.

i1 Desigingacomprehensiveand consistentapproachto expandelectricvehiclecharging
infrastructureand overseeingelectrificationefforts (an electricvehicleroadmap)to support
a | A yz&dEdissionvehicletargets

Benefits Amajor benefit of electrifications reducedCQ emissionswhich will help Main@chieveits
2030 2045, and 2050 goalalong with the market and social benefits of reduced emissiBnbstantial
chargingcan be done during flexibility hours when the electricity grid is less utilkstthe grid
becomestleanet this will further reduce emissionslajor health benefitsare associated wittcleaner
air fromreducedNQ, SQ, and particulatamatter aselectric vehicles do not emit tailpipe emissions

6.1.1 Economic Analysis Results

Benefit-cost analysis forconsumers Consumers willjenerallypurchaseelectric vehicles if they find
themto be anet financial benefitOther co-considerationghat might affectthe consumef decision to
purchasean electric vehicléncluderange anxietyf the infrastructure is not in plaaeespecially for

al Ay S Qaral popuNiEbG ardiatteries could run ouss well aghe satisfactiorof contributing to
positivehealth and environmental impacts.

Batteryelectric vehicles tend toost morethan conventional internal combustion engiuehicles and
require the purchase of an dtome charging statiorHowever, the annual costs for charging the vehicle
are lower than theannualcosts for fuehg conventional vehicles. ERG quantified the netdférof

owning an electric vehiclend the amount of time for the cost to break even with a conventional vehicle
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in three cased®1) the state offers no incentive to buy an electric vehicle, 2) the state offer0@62
incentivefor an electric lightduty vehicleand a $10,00@certive for an electricheavyduty vehicle, and
3) the state offera $5000incentivefor an electric lightduty vehicle and a $20,000 incentive for an
electric heavyduty vehicle.

ERG assumed the sarosv and high incentive scenarios for 2030 and 2a&6ughincentives will likely
decreasewith continued electrificationThe results are presented irable22 below. Maintenance costs

for electric vehicles are also significantly lower than those for conventional veflidggenberg et al.,

2018) but ERG did not quarfyithese costs€.g.,0il changesbattery replacementsin this analysis

Table22 shows that with no subsidy, a consumer would pay about $1,868 more to purchase an electric
light-duty vehicle oveflOyearsin 2030.Therefore, to break even ev10years ofprimaryownership, a
customer should receive a $2,000 subsidy to offsetab& In 205Q however, an electric vehicle owner

is projected tdbreak even idess tharfive years with no subsidy.

Table22. Consumer BenefiCost Analysi®r LightDuty Vehiclein 2030 and 2050

_ 030Ele 0 030 Conventiona 050 e dig 050 Conventiona

A0 D ehicle ghtD ehicle D ehicle ghtD ehicle
No Incentive
Purchaseost @ $34,.983 $28,449 $31,641 $28,583
Homechargng unit cost $700 1 $700 1
SnnualfueVelectrlcnyoost 392 $928 $323 $960
Net beneﬁt of 10years of T $1.868 $2,609 T
ownership
Number ofyears tobreak 129 T 48 T
even
Low Incentive ($2,0002ubsidy)
Net bene_flt of 10years of $132 T $4.609 .
ownership($)
Number ofyears tobreak 8.4 T 17 .
even '
High Incentive($5,000ubsidy)
Net benefit of 10years of
ownership($) $3,132 1 $7,609 T
Number ofyears tobreak 29 . N/A .
even

N/A = Notapplicable

[a] Capital cost(equilibrium retail pricepf light-duty battery electric car with 20hile rangein 2030and 20502019%
converted from 2016$})Jadun et al., 2017)

[b] Cost of a Level 1 charger in 202% a detached housfNicholas, 2019)

[c] Based on gasoline costs for conventional vehicles and electricity charging costs of electric vehicles as
11,895 miles traveled per year for ligtiity vehiclegMaine Department of Environmental Protectipn

Table23 shows that with no subsidy, a consumer would accrue a net bene$8,81.5to purchase an
electric heavyduty vehicle ovedOyears in 2050.

0 The State of Maine did not recommend these subsidy amounts. We simply selected them as part of a sensitivity
analysis to understand how subsidies change the decisiaking process.
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Table23. ConsumeBenefitCost Analysis for Healduty Vehicles in 2030 and 2050

. 030 Ele 030 Conventiona 050 Ele 050 Conventiona

Aedo D ehicle HeavyD ehicle HeavyD ehicle HeavyD ehicle
No Incentive
Purchasecost! $242129 $136416 $213425 $137,920
Homechargingunit cost ! $1,400 1 $1,400 T
Annualfuel electricity cost
(c] $16,853 $21,256 $14,044 $22,566
Net benefit of 10years of
ownership T $63,082 $8,315 T
Number ofyears tobreak
even 24.0 T 8.9 T
LowIncentive ($10,0008ubsidy)
Net benefit of 10years of
ownership ($) $53,082 $18,315 T
Number ofyears tobreak 217 . 77 .
even ' '
High Incentive($20,0008ubsidy)
Net benefit of 10years of
ownership () T $43,082 $28,315 T
Number ofyears tobreak 195 . 6.5 T
even ' '

[a]

(converted from 2016$%Jadun et al., 2017)

[b]

chargers.

[c]

trucks, and class 8 trucks (UD®partment of Energy, 2020b).

Average apital cost (equilibrium retail price) af mediumduty and heavyduty battery electridruckin 2030and 2050
Cost of a Level 2 charger in 2020 for a detadimase(Nicholas, 2019Heavyduty vehicles will likely not use Level 2

Based on an approximation of 50,000 miles per year for helany vehicles based on delivery trucks, refus

Benefit-cost analysis for thestate and people TheStateof Maineand its constituent®enefitfrom
health impacts from reducedQ, SQ, and PMs, as well as Bvironmental impacts from reducedQ.
These benefits are shown Trable24 and Table25, whichrepresenttwo different scenarioshat
Synapsenodeled: the baseline scenariovhichprojectsonly 11 percenbf light-duty vehicles an@®
percent of heawduty vehicles being electric by 205@nd an alternative scenari@1)where90
percent of lightduty vehicles and 80 percent of heaglyty vehicles are electric by 2050he primary
costto Mainewould includesubsidiedo incentivizeconsumer purchases arahy costs tglan and
supportelectric vehiclénfrastructure.

Table24. Total Annual Benefit from the Reduction ofN&, and PMs (Under T1 Scenario)

Year NGO Reduced Value of NQ | SQ Reduced Value of S@ PMzs Reduceﬂ Value of PMs Total Valge of
(Metric Tons) Reduced | (Metric Tons), Reduced | (Metric Tons) Reduced Reduction

2030 145.1] $3,228,66( 4.3 $265,311 5.3 $5,629,684  $9,123,654

2050 1,995.4] $44,402,91¢ 31.7] $1949,911 55.2| $58,527,81§ $104,880,64]

Source: EPA, 2013; Synapse, 2020.
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Table25. Total Annual Benefit from the ReductiorCéb (Under T1 Scenario)

Timeframe ' Market Benefit of CQReductions | Social Benefit of C€Reductions
2030lower bound $3,883,214 $40,113,334
2030upperbound $3,883,214 $121,938,19¢
2050lower bound $45,605,15€ $349,098,09¢
2050upperbound $45,605,15€ $1,072,533,31

Source: EPA, 2016; Synapse, 2020.

Table26 shows thecosisthat Maine would incufor subsidizingelectric vehiclgurchases.

Table26. Cost of Electric Vehicle Incentives to the State

Incentive Cost tothe State
LightDuty Electric Vehiclé& HeavyDuty Electric Vehiclé&!
2030 Lowincentive $63,315,50( $9,520,899
Highincentive $158,288,744 $19,041,79§
2050 Lowincentive $105,234,88] $38,589,081
Highincentive $263,087,207 $77,178,162

SourceSynapse, 2020.
[a] Based on 203and 2050ight-duty vehiclebattery electric vehicle salamder the T1 scenario
[b] Basedbn 2030and 2056heavyduty vehiclebattery electric vehicle salasder the T1 scenario

If the Stateof Maineprovidesa $2,000ncentive for all lightduty vehicles an@ $20,000 incentive for all
heavyduty vehicles purchased in 20, the cost would be approximate$§82 million per year compared
to a benefit of$13 million per yearwhen consideringmproved health from reducetQ, SQ, and

PM 5 as well aghe market cost of carbofnot including benefits to individual buygréf the social cost
of carbon is consideredhis becomes a benefiost ratio of about $30 millionto $82 million each year

CASE STUDY: THE 12 LARGEST UTILITY SERVICE TERRITORIES

A recent analysis of the 12 largest utility service territories across seven states (California, Gi&amdand,
Massachusetts, New York, Ohio, and Pennsylvania) shows the need for electric vehicle infrastructure to
accommodate the expansion of electric vehicle usage (Lowell et al., 2018). Table 27 shows the status o
vehicle charging stations a$ 2018. According to this analysis, between 121,000 and 754,000 publicly ave
charge ports are needed to support anywhere from 2.9 million to 19.1 million electric vehicles on the roa
the year 2035. The estimated cost of implementing all publazgérs is approximately $228 per plirg
electric vehicle which, depending on whether we use the low or high estimate, amounts to $661 million
$4.3 billion, respectively.

Table27. Number of Charging Stations and Ports Current
Accessible to the PubN¥ithin 12 Utility Service Territories

State Stations Total Ports
California 3,876 13,370
Georgia 606 1,779
Maryland 448 1,118
Massachusetts 484 1,278
New York 766 1,595
Ohio 283 580
Pennsylvania 323 690
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6.1.2 Methods and Limitations
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Figure6. Projections of Cemissionainder different scenarios, 202€R05Q

Figure6 represents thdrajectory of CQ emissionghat Synapseleveloped ira fewdifferent modeling
scenariosThe Tland T3scenarios outlined in yelloand green, respectivelghow a emissions
reduction of 82 percent from 2020 to 205@hile the red line representing the T2 modeling scenarios
showsan 84 percenemissiongeductionover the same time period’he T2 scenariputs a greater
emphasis on reducedMTand increaseduel efficiency, resulting ia larger impact on emissiomsrlier
than the Tland T3scenari®. Asthe proportion of vehicleshat are electric increases over time, the
difference betweerthese scenariowiill become less noticeabl@he assumptions for thbaseline, T1,
T2,and B scenariosare shown inrable28.
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Baseline
Worst-Case
Hectrificationt CAFE
SandardsRemain

Table28. Electrification Analysis Scenarios

T1
Electrificationt Baseline
Eficiency

T2
Electrificationt
AggressiveHficiency

T3
ReducedHectrification ¢
Extreme Hficiency andLow
Carbon Fuels

1 11% of LDVs are
electric by 2050

0% of HDVs are
electric by 2050

VMT per LDV remair
constant through
2050

VMT per HDV
remains constant

Fuel efficiency
reaches 42 MPG for
new cars and 30 MP
for new light trucks
by 2050

90% of LDVs are electt
by 2050

80% of HDVs are
electric by 2050

VMT per LDYemains
constant through 2050

VMT per HDV remains
constant

1

Fuel efficiency reaches
42 MPG for new cars
and 30MPGfor new
light trucksby 2050

Managed EV charging
implemented

90% of LDVs are electt
by 2050

80% of HDVs are
electric by 2050

VMT per LDV declines
12.1%by 2030 and
27.2% by2050

VMT per HDV declines
2.1% by 2030 andl.2%
by 2050

Fuel efficiency reaches
45 MPG for new cars
and 33MPGfor new
light trucks by 2050

Managel EV chargings
implemented

1

1 65% of LDVs are electric
by 2050

55% of HDVs are electric
by 2050

VMT per LDV declines
25% by 2030 and 40% by
2050

VMT per HDV declines
2.1% by 2030 and 4.2% |
2050

Fuel efficiency reaches 4
MPG for new cars and 33
MPG for new light trucks
by 2050

Managed EV charging
implemented.

20% of LDVs use low
carbon fuels

20% of HDVs use low
carbon fuels

EV = electric vehiclélDV = heawduty vehicleLDV = lightluty vehicle MPG = miles per gallon

4.0%

3.5%

Incremental EV Sales in 2025

0.5%

0.0%

3.0%

2.5%

2.0%

1.5%

1.0%

$1,000 rebate

TCl

Figure7. Increases ielectricvehiclesales, 2025

Figure7 represents thaesults of a linear regression that Synaji2@20)conducted usinghe MA3T
model.Each bar shows the percent increase in the number of eleathlessold in the year 2025 if
the given policy is implemente&or every$1,000 in rebates offered on an electric vehicle, sales can
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expect to increase by 3.5 percefithe implementation of a carbaax such as that ofhe

Transportation and Climate Initiati(80.17 per gallon, which is expected to increase to $0.28 per gallon
by 2032)is forecasted to increase electric vehicle sales by 1.5 perdenncreased trajectory alectric
vehicle supply equipment 100 percent asilability instead of 15 percent by 2080s expected to

increase sales by 3.4 perceiiheimpacts of thesgoliciesmightbe near additive if implemented
togethert thoughthis was not assessed inistanalysis.

6.1.2.1CostBenefit Analysis for Consumers

ERG condtted a literature review to identify the followincosts related to electric vehiclés
consumers
i1 Priceof gasline (Energyinformation Administration,2020)
- In2030 $2.81pergallon (2019%)
- In 2050 $3.43 pergallon (2019%)

1 Averagefuel economyof alight-duty car (onlyincludescars,not light-duty trucks)(Jaduret al.,
2017)

- Efficiency of a lightiuty battery electric car with a 26file range

A In 2030: 133niles per gallon gasoline equivalgMPGe)or 395 miles per kWh
A In 2050: 155 MPGer 4.60miles perkWh

- Efficiency of a lightluty internal combustion engine car

A In 2030: 3@niles per gallon (MPG)
A In 2050: 42.5 MPG

1 Averagefuel economyof a heavy-duty vehicle(Jaduret al.,2017)
- Mainefficiency of aheavyduty battery electric vehicte

A In 2030: 13 MPGer 0.39 miles per kWh
A In 2050: 15 MPGer 0.45 miles per kWh

- Mainefficiency of a heawguty internal combustion engine vehicle

A In 2030: 6.61 MPG
A In 2050: 7.6 MPG

i Priceof electricity (Energyinformation Administration, 2020}
- In 2030 $0.13per kWh(2019%)
- In 2050 $0.125 pekWh(2019%)

i Predictedcost of purchasinga light-duty car (onlyincludescars,not light-duty trucks)(Jaduret
al.,2017)

- Capitalcost of a lightduty battery electric car with a 26@ile range

A In 2030: $4,983(2019%)
A In 2050: $1,641(2019%)

- Capitalcost of alight-duty internal combustion engine car
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A 1n2030: 8,449
A In 2050: £8,583

1 Predictedcostof purchasinga mediuny heavy-duty vehicle(Jaduret al.,2017)
- Averagecapital cost of amedium/heavyduty battery electric truck

A In 2030: 42129
A In 2050: £13425

- Averagecapital cost of amedium/heavyduty internal combustion engine truck

A In 2030: $36416
A In 2050: $37,920

i Costof installinga home chargingunit (Nicholas2019)
- Level (120V)unit with new wiring and a chargén a detached house is $700
- Level 2 (240\M)nit with new wiring and a chargén a detached house is $D0

ERQGhen used the following equations to determine annual fuel cost for earlssumingl1,895 miles
per year
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ERGalculated the net benefinf 10 years of ownershipy finding the difference between the purchase
cost andl10 years of annual fuel codsr a conventional vehicle arttie purchase cost, home charging
unit cost andL0 years of annual electricity codts an electric vehicleA ngyative benefit resulted ia
benefit to the conventional caklVe assumed &aevel 1 home charger for a ligluty vehicle and a Level
2 home charger for a heaxduty vehiclefor this analysisthough heavyduty vehicleswill likely utilize
faster, megawatiscalecharging stationshat are currently in developmer{National Renewable Energy
Laboratory, 2020 ERG used the same data to estimate the number of yesiiare the total cost to

date of an electric vehicle would be thame as a conventional c&RG assumed the price of the home
chargers would remain constant in 2030 and 2@&this analysisERG also did not include any benefits
based on resale value or secondary ownership, thoughlesbenefitsare not likely to gratly affect this
analysis.

ERG repeated thedmenefit calculations in situations where the state offered incentives for purchasing
an electric vehiclen 10 of the top12 major cities with the highest electric vehicle ownership state
offered consumer purchase incentivies electric vehiclesauch as tax credithat averaged between
$2,000 and $300(Lowell et al., 2018We used these values ksv andhigh incentive scenargfor
light-duty vehiclesThough heawgduty electric trucks areot widely on the marketsome states like
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Colorado hae offered tax credit incentives for consumer purcha@¢s. Department of Energy, 2020c)
We used $10,000 and $20,000 foe low and high incentive scenarid8RG assumed these incentve
werethe same in 2030 and 2050 fdri$ analysisbut with increasing electrification, there will likely be
lessof a need for state incentives by 2050

6.1.2.2CostBenefit Analysis for the State and People
To estimate the benefitsf reduced air pollutantsRMs, SQ, and NG), ERG

1) Used theCQ, PM:5, SQ, andNO, emissions reductionsom modeling Synapsg020)
performed for the Maine Climate Council. This modeésgimated thereduction in emissions
for electrificationscenarioscompared to a baseline.

2) Used anEPAstudy (EPA, 2013p convert those reduction®or PMs, SQ, and NQinto a dollar
valuebased on the anticipatthealth impacts (i.e., average estimated reduction in mortality
and morbidity) ERG converted the values in the EPA study from 2010% to 2019% using the GDP
deflator. Table29 presents the estimate valueof a permetric-ton reduction from orroad
mobile sources in botB020 and 2030ERGassumed thevalue per ton reduction remained
constant between 2030 and 2050.

Table29. Dollargoer Ton of Reducedollutantfrom On-RoadMobile Sources
Value of 1IMetric Ton Value of 1Metric Ton Value of 1Metric Ton
ReductionPM: s Reduction ofSQ Reduction ofNO«

Category

2020 value pem_etrlcton reduced $911.309 $49.804 $18,014
for on-road mobile sources
2030 value pem_etrlcton reduced $1,059.661 $61,460 $22.253
for on-road mobile sources

3) Used both a market and social cost of carbon to estimate the benefit dE@eeduction In
producing the results ifable30, ERGnultiplied the socialand market costs of carbdor both
2030and 2050y the difference betweer® y | LirdgQed C@reductionsfor the baseline
and T1scenariosn 2030and 2050, respectively

Table30. Summary of Social Cost of Carbon Versus Market Price

Carbon, Extrapolated tdd30
Lower BoundSocial Upper BoundSocial Market Price of Carbon

Cost of Carboiin 2019$ Cost of Carborin 2019$ in 2019
(EPA, 208) (EPA, 2016) (Synapse, 2020)
2020 $51.02 $149.41 $5.53
2025 $55.88 $167.63 $5.03
2030 $60.74 $184.64 $5.88
2035 $66.81 $204.07 $6.87
2040 $72.88 $222.29 $8.02
2045 $77.74 $239.30 $9.37
2050 $83.82 $257.52 $10.95

Along with thecosts of implementing public charging pgonrghich areoutlined in theearliercase study
of the largest12 utility serviceterritories, Mainewould also incur costs related to incentiviziglgctric

A 2 4 A 9~

vehicle purchase€RG multiplied the low and higicentive estimates bgynapS Q& LINdRn@&O G S R
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of electric vehicle sales 2030 for lightduty vehiclesandin 2050 for mediurmand heavyduty electric
vehicles.

6.1.3 Recommendations for Further Analysis

Given resource requirements, ERG focuisgeduantitative analysis on the costs to consumers and how
muchincentive Mainemay need to provide tonake electric vehicle adoptictosteffective.

Future analyses may include
i Calculatingconsumercostsand benefitsof plugrin hybrid vehiclesalongwith gasandfully
electricvehicles.
1 Analyzingnfrastructureneededfor urbanversusrural populationsin Maine.
9 Incorporatirg future projectionsof:
- Charging station voltage and pricing
- Publiccharging infrastructure needed
- (hangingincentives for electric vehicles.
91 Accountingfor other typicalannualcostsand maintenancecostsfor electricand conventional
vehiclessuchasoil changesand part replacements.

6.2 REDUCEVEHICLEMILESTRAVELED

Srategy 3 of the Transportation Working Growyill work to make the goals of Strategyekgpand

electrification oftransportation) attainable. It focuses @upporting the development of key

AYFNI &0 NUzOGdzNB Ay LIS2L) SQa RIEAfeé@ fA@Sasr SELI YRAYS
climate-friendly, and expanding opportunities for telework and teleservices.

Benefits:By acting on these key elemenkdaine will experience several benefits related to air quality,
health, cost savings, safety, and more. Reduced emissions related to this strategy will result in less air
pollution and better health outcomes. Easier access to critical destinations witteddavel fuel costs

and promote more active means of travelich asicycling Additionally,increased telework

opportunities will also reduce travel fuel costs and time spent traveling to and from work.

6.2.1 Economic Analysis Results

ERG performed kiterature review of the costs and benefits the public transportation expansion
component of this strategy. Inflating the cost per mile figure from KI®9 to 2019 dollars results in
$18.07 million spent per mile on bus rapid transit. The difference betw&® emissions as a result of
traveling by car versusus rapid transits a reduction of 0.0003 metric tons per mile.

6.2.2 Methods and Limitations

ERG performed a literature review to find ottetudies that analyzethe impacts of the Transportation

2 2 NJ Ay 3 thizddedirlititisies on reducing VMT and, by connection, carbon emissions. In a study
looking at the cebenefits of reduced VMT in California, researchers found that a 10 percent decrease in
on-road emissionsvould reduce totaktatewideCQ emissions by 3.3 perce(ffang & Volker, 2017)
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This amourgto nearly14.5 millionmetric tons of C@emissions reduceger year Table31 shows the

results of carrying this same trend over to Maine, which has fewer registered vehicles and thus a smaller
impactonCONB RdzOG A2y a 2@0SNIffd® alAySQa SyrAaairzy ydzyoSN
per vehcle as of 2018, 4.6 metric tons of £@nd the number of registered vehicles in the state,

390,506(FHWA, 2019)

A brief article on the costs of urban transit systems represented the coshwd aapid transisystem as
$10.24 million per mile in 1990 dollars. Inflated to 2019 dollars, this cost represents $18.07 million per
mile (Vincent & @lleghan Jerram, 2006)

Table31. Comparison of ORoad Transportation GEmissions and Potential Emission
Reductions Between California and Maine

Metric ‘ California (2014) Maine (2018)

Total CQemissions (metric tons/yr) 441,499,873 5,478,954
Onroad CQemissions 144,749,959 1,796,328

If On-Road Transportation EmissionsDS O NB I & § CQEmissionDS ONB I &S o6 & X
1% 1,447,499 17,963
5% 7,237,498 89,816
10% 14,474,996 179,633
15% 21,712,493 269,449

Source: Fang andolker, 2017; FHWA, 2018.

Table32 shows C@emissions for various transportation methods according to a 2006 an@{iaisent
& Calleghan Jerram, 2008Ye converted hese values to metric tons from the original table within the
represented research study.

Table32. National Total Commute Trip €Emissions, 4& Compressed\atural Gas

EmissionsNletric Tons per Subtotal Metric Tons)

PassengeMile)

Bus rapid transit 0.00006607 7,219.18
Existingouses 0.0002942 70,566.78
Privatevehicles 0.00039789 2,000,227.90
Reduction fronmo-build option 32,705.7
Reductionover 20year projectlife 654,114.0

Source: Vincent &allegharderram, 2006.

6.2.3 Recommendations for Further Analysis

Future analysis should include the cost implications/benefits of telework opportunities and critical
infrastructureconstructionin priority areaswhichrepresent greater benefits from this overall strategy.
Potential increases in the dollar value speat metric ton of C@reductions emissions may increase,

but future analysis can determine that cost impact.
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6.3 EXPLOREMECHANISMS TG-UND TRANSPORTATIONNEEDS ANDFACILITATE EMISSIONS
REDUCTION

Strategy 5 of the Transportation Working Grdopuses on solving the challenges of funding for state
transportation construction and maintenance. The mechanisms for collecting revenue for state
transportation should be stable, sufficient, and sustainaatel funding solutions should support
emissiors reductions.

Benefits: The use of multiple funding mechanisms will increase revenue for transportation prajetts
reducegreenhouse gas emissions. Certain revenue mechanisms will also contributeredGeions
due to ther structure €.g.,fuel taxincrease).

6.3.1 Economic Analysis Results

ERG performed a cebenefit analysis of various funding mechanisms thatThensportation Working
Groupproposed, including a fuel tax increase, a fee baseWMi, a carbon tax, and carbon allowances
under the Transprtation and Climate InitiativeAs context, fhe currentannual unmet funding neenh
Maine is $232 millioMaine, 2020)

The current fuel tax is 30 cents per galldrfuel tax increasen Maineof 10 cents per gallomesults in
127,500 metric tons of G@educed The revenudrom this taxis about$20.4 million,andthe revenue
generatedto the state (and cost to consumelis}160per metric ton

By 203Q administeringthe VMTfee through safetyinspectionswill costbetween $50and $71.8 per
metric ton ofcarbon dioxide equivalentdQe) reduced while the revenue generated per metric ton
(and cost to consumers)ill be between $1,149 and $1,32This would generate about $90 million to
$224 millon per yearin revenue andeduce emissions b§0,000to 224,000 metric tons of G@ach
year.

With aprice per metric ton of Cemitted between $30 and $58nd revenue generatioto the state
(and cost to consumersf approximately $230 pemetric ton of C@ the carbon tax policy would
reduce carbon emissions by about 314,500 metric tons by the year, 2830ell as generate between
$54million and $90million in revenue to the state

One analysis dhe Transportation and Climate Initiagifor the eastern stateseportedthat the

A Y A U Apbtentalb&n@fiisare between $3 billion and $10 billidier public health and between $250
million and $892 million in avoided costs as a result of worsening storms and other climate impacts
(Massachusetts DOT, 2019)

6.3.2 Methods and Limitations

According to the National Bureau of Economic Researth;cent increase to gas taxes results ina 1.5
percent decrease in G@missions from the transportation sect@avis & Kilian, 20097 he Maine
Department of Environmental Protection recently released a report statingtthasportation activities
resulted in8.5 million metric tons of CABureau of Air Quality, 2020Based on these two reports and
their highlighted metrics, CQeductions in a single year would be 127,500 metric tons. Based on
390,506 registered passenger vehicles throughout Mangverage o2 miles per gallon, and 11,500
miles driven per year per driver, revenue from this plan would total about $20.4 m(fidWA, 2019;
EPA, 2018)
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TheVMTfee is projected taeducegreenhouse gas emissions between peBcent and 2.3 percent by
the year 203(National Academies of Sciences, Engineering, and Medicine, 20i&xnalysis used a
fee range oR cents andb cents per mile charged. Again, using the numbeguuddlic and private
registered passenger vehicles in Maine (390,5G6)d the average number of miles driven per year per
vehicle (11,500), revenue from this initiative falls between $89.9 million and.$22dlion per year
(FHWA, 2019; EPA, 2018his policy would result in between 68,000 and 195,000 metric tons 0f CO
reduced by the year 2030 herefore the VMTfee would cost between@b0and ¥18per metric ton of
CQe reduced, given the cost to implement the fee is represented bytistof a safety inspectiofor
everyregistered vehiclén Maine(Maine DPS, 2019)

Table33. Costs and Benefits oNeMTFee

Metric Low Estimate High Estimate

Rate of Cee reductions by 2030 0.8% 2.3%
Feecharged per VMT $0.02 $0.05
Staterevenue $89,816,380 $224,540,950
Metric tons of C@e reduced by 2030 68,000 195,500
Expenditures $48,813,250 $48,813,250
Dollarsspent per C@e reduced $718 $250
SourceNational Academies of Sciences, Engineering, and Medicine, BBIZA, 2019; EPA, 20Maine DPS,

2019

The carbon tax policy proposal is expected to rederméssions by between 2.8 percent and 4.6 percent
(National Academies of Sciences, Engineering, and Medicine,. 212) a low and high price for the
tax of $30 and $50 per metric ton of g&Cemitted, revenue generated from this proposal would be
between $54 million and $90 million. At the same time €f@ductions would amount to between
238,000 and 391,000 metrioms by the year 203id current transportation secterelated emissions of
8.5 million metric tons of C@ remain constan(Bureau of Air Quality, 2020)

This analgis did not estimate thedualth benefits related to these funay mechanisms. The reduction of
other air pollutants likd?M: s, SQ, and NQis a cebenefit of these proposed funding mechanisms.

Table34 provides a cosbenefit comparison of th&/ MTfee, carbon tax, and fuel tax strategies.

Table34. Comparison of Funding Strategies

y L.O W H'igh L.O W H.igh Estimate
Estimate Estimate Estimate Estimate

Revenue $89,816,380| $224,540,950 $53,889,828| $89,816,380| $20,412,814
Cost $48,813,250( $48,813,250 N/A N/A N/A
Metric tons of C@reduced 68,000 195,500 238,000 391,000 127,500
Revenue pemetric ton of CQ $1,321 $1,149 $226 $230 $160
reduced

Cost pemetric ton of CQreduced $250 $718 N/A N/A N/A

1 This includes public and private pasgenvehicles. It excludes motorcycles, buses, trucks. The total of all these
registered vehicles is 1.125 million.
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6.3.3 Recommendations for Further Analysis

This analysis assumed that 2018 values for registered vehiclesn@isdions, average miles traveled,

and vehicle miles per gallon would remain the same for all future years. Future analysiscimsitter
projected trends of these variablelloreover, his analysis only accounts for passenger vehicles and
would benefitfrom includingcommercial trucks and buses. Further research into the costs of
implementing such a policy would be beneficial. Results from the Transportation and Climate Initiative
should be analyzed as time passes.
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7. BUILDINGS, INFRASTRUCTURE, AND HOUSING

Thissectionincludesfive strategies from thélaine Climate Council Buildings, Infrastructure, and
Housing Working Groyp@020)Strategy Recommendations to Mitigate Emissions and Support
Resilience in MainBuildings

Strategyl: Improvethe designand constructionof new buildings

Strategy2: Transitionto cleanerheatingand coolingsystems

Strategy3: Improvethe efficiencyandresiliencyof existingbuildingenvelopes

Strategy4: Leadby examplein publicly fundedbuildings

=A =/ =/ =4 =4

Strategy5: Acceleratehe decarbonizatiorof industrialuses and processes

Heating and cooling in commercaid residential spaces in Maine accountsgamombined 30 percent
of combustion C@emissiongMaine Department of Environmental Protection, 2020&)erefore,
reducingl KS o6dzA f RA Yy 3 & SthebeeMi@sionsQuit Yidve\disigrdiidakt patt. G 2

7.1 IMPROVE THEDESIGN ANDCONSTRUCTION OBMEW BUILDINGS

Stratey 1 of theBuildings, Infrastructure, and Housing Working Graugpild improve the design and
construction of new buildings timcrease energy efficiencin part by adoptingnore stringent building
codes over timeThis will help Mainesach net zero emigsn building codes by 2038Vhile
constructingaccordingo a higher energy efficiency standasgically results in higher initial costs,
benefits of this approach includewer energyusecostsover timeand reducedCQ emissions.

7.1.1 Economic Analysis Results

ERG performed a benefibst analysis afonstructing new singteand multifamily homeghat are more
energyefficient thanwhat the Maine Uniform Building and Energy Camdgrently requiresWhile initial
construction costs are higheha reduced energy costs mean that a higher energy efficiency standard
results in a net reduction in costs over time.

For new singldamily homes, ERG@sed theNational Renewable Energy Laborataryt 0 b(2088) Qa 0
Buildng Energy Optimization Tool (B&) to analyze the incremental cost of construction compliant
with the International Code Coun€li@015)International Energy Conservation Cdde 2015
(commonlyknown adECQ015)as compared to the more stringebt S Department of Energ¢DOE)
(2019)Zero Energy Ready Home National Prograquirements Althoughbuilding to a higher energy
efficiency standard adds to the initial cost, ttexluced operating costs over time lead to net cost
savingdor each location modeled (Portland, Bangor, and CaribBaiverting the energy savings toCO
savingsthe zero energy ready scenario would save betwe®08 and0.0006 metric tonsof CQ per

ft? per year (se@ able35).
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Table35. New Singld-amilyHomes Summary of Incremental Cost and
CQ Saved per ft

Location Incremental Cost Mil!ion British Thermal CQ/Ygar Savings CosUCQ Saved
(Present Value)/ft ~ Units/ft 2/Year Savings  (Metric Tongft ?) ($/Metric Ton)
Portland -$0.61 0.0089 0.00060 -$1,021.44
Bangor -$0.62 0.0093 0.00063 -$989.66
Caribou -$0.75 0.0058 0.00039 -$1937.38

Sources: ERG analysis using NREL's BeOpt2@ E6G(DOEF2019.

For new multifamily homeswe analyzeddata provided by Avesta Housi{2020a; 2020b; 20200n
construction and operating costs fa buildings constructetbetween 2005 and 201®verall, mitial
construction costs were higher fouildings builto more stringentrequirements tharthey were for
code compliance, butperating costs were lower. Additionalljrese more stringent designs saved an
average 0D.0025 metric tons o€Q per ft? per year, as compared to cog@mpliantbuildings (see
Table36).

Table36. New MultiFamilyHomes Summary of Incremental Cost and:Gaved per ft

Incremental  Incremental Million British CQ Savings Cost/CQ

Building Design Initial Operating Thermal (Metric SEVED
Costs/ftt | Costs/ftt/Year Units/ft?/Year Savings Tons/ft’/Year) ($/Metric Ton)
Passivalesign $0.87 -$0.81 -0.0617 -0.0028 -$309.09
Highperformance -$3.19 -$0.96 -0.0522 -0.0026 $1,246.14
Leadership ifEnergy and $6.02 -$0.85 -0.0462 -0.0023 -$2,654.87

Environmental Design

All non-code compliance $0.37 -$0.89 -0.0526 -0.0025 -$146.85

Source: ERG analysis based on Avesta Housing (2pdag on multfamily projects in Maine 2012019.

Note thatthe square footage per unit varies for each building analyzed, with an average of 725 square feet per unit for b
built to code compliance, 840 square feet per unit for passive design, 963 for high performance, 792 square feet fordLEE
879 squae feet for all buildings that exceed code compliance combined.

7.1.2 Methods and Limitations
7.1.2.1SingleFamily Homes

ERG usedd w 9 (2@1&8)BeOptto compare the costs djuildinga new singlefamily hometo either the
baselinelECQ015codeor the more stringentDOK2019)Zero Energy Ready Homexjuirements
BeOptintegratesb w 9 Ndii@gnal Residential Efficiency Measures Database, which is a centralized
source of residentidbuilding measures and costt allows the user tselect froma number of options,
such asnsulation, windowsspace conditioning, etéfter selecting the desired inputs, running the
simulation results in outputs with the present value cost and energy uieeahodeled scenarisee
Appendix Aor an illustration of these inputs and outpyt§ he present value cofbr each item
considerghe initial value, future replacement cost, aetergy costs.

In selectingsite options all scenarioshat ERGnodeled used the followingarameters

1 A2,200ft? three-bedroom,two-bathroomsinglefamily detachedhomewith atwo-cargarage
1 Energypricesfrom the Maine Governor'sEnergyOffice (2020)for April 28,2020

1 A3 percentdiscountrate, 30-yearperiod of analysisand 2.4 percentinflation rate.
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For thebaselinescenarig ERGnodeled three pathsto complywith IECQ01512

1) Meetthe requirements insections R40§R404 of the2015code.

2) Show that proposed design is abahe standard reference model with inputs marked in
section R405 and mandatory provisions in R401 and R404

3) Use the mergyrating index apprach insectionR406, which is built intBeOpt
Becausenultiple sources confliavith regard to theirecommendedBeOptoptions, ERG applied the
followinghierarchyof recommendations

1) IECQ015 sections R4QR404

2) IECC 201r405standardreference desig (Table R405.5.2)

3) b w9 [2@214)Building America House Simulation Protocols
For theproposed scenaripERG modeled compliance with tb®©E2019)Zero Energy Ready Home
requirements whichhas two paths to compliance:

1) Prescriptive path with outlined requirements.

2) Modeling path that defines a target homié the modeled home meets or excegthe

performance level of the target homthen it is certifed.

ERG followed the second of these two compliance patttgleling the target home from the modeling
path.

Appendix Ashows the optionsve selected for both the &selinel ECQR015 and propose®OEZero
Energy Readscenarios.

For both the baskéne and proposed scenarios, ERG moddéledses irthree locationsin Maine
(Portland, Bangor, and Caribou) ising. S h LBil@r@function to importweather data in the
EnergyPlus weather formét

By comparing theost and energy consumptiarutputs of eachbaselinesimulation (ECQ015 and
proposed scenariddOE, 2010 we derive the incremental present value castl energy usage of
switching to the more stringent Zero Energy Ready Hoegelirements.

2While the currentMaine Uniform Building and Energy Camtdy requires compliance with the IECC for 2009
(Maine Ofice of State Fire Marshal, 202@he Maine Climate Council Buildings, Infrastructure, and Housing
Working Groumanticipates that the 2015 code will be adopted by the time the Maine Climate Council delivers its
report to the legislature.

13 Both Portand and Bangor are in IECC climate zone 6, while Caribou is in climate zone 7. However, the options
required for compliance with both the IECC 2015 and BR€& Energy Readyome requirements is the same for
climate zones 6 and 7.
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To convert energy savings (expresserhittion Britishthermalunits) to CQ savings, we use the same
conversion factors ahe analysis preparelly the Efficiency Main&rust(2020)* shown inTable37
(but converted fronpoundsto metric tons of Cg).

Table37. Million British Thermal Units to @0onversion

Million British Million British
Energy Source  CQO (Metric ; : Thermal Units to
. Thermal Units = Fuel Mix .
(Unit) Tons) ; Metric TonsCQ
Equivalent "
Multiplier
Oil @allon) 0.01016 0.139000 69.8% 0.07310
Natural gas (f) 0.00005 0.001039 9.0% 0.05112
Electricity (kWh) 0.00030 0.003412 3.8% 0.08708
Propane gallon) 0.00576 0.091330 13.1% 0.06307
Kerosenedallon) 0.00975 0.135000 0.0% 0.07224
Wood ord) 0.00000 20.000000 4.3% 0.00000
Weightedaverage T T T 0.06719

Table38 shows theresults of this analysiper house and peft2 For all three locationgonstruction to
the DOK?2019)Zero Energy Ready Homexjuirements resuklt in netcost savings of betweeabout
$1000 and ®,000 and C@savings of between.00038and 0.00062metric tonsper ft? per year per
home.

Table38. New Singld~amilyHomes Summary of Incremental Cost and-CO
Saved per Housand per f¢

M Incremental Cost  Million British Thermal CQlYear Savings (los Cost (Present Value)/

(MEENAYET) Units/Year Savings CQ Saved$/Ib.)

Per House

Portland -$1,345.00 19.60 1.31677 -$1,021.44
Bangor -$1,363.00 20.50 137724 -$989.66
Caribou -$1,653.00 12.70 0.85321 -$1937.38
Per ft2

Portland -$0.61 0.0089 0.00060 -$1,021.44
Bangor -$0.62 0.0093 0.00063 -$989.66
Caribou -$0.75 0.0058 0.00039 -$1937.38

Sources: ERG analysis using NREL's BeOpt; IECC 20281BDOE

The primary limitation of tis analysis is thaBeOptonly outputs the present value coahd does not
disaggregate the initial cost, replacement cost, and ongoing energy cost savings.

7.1.2.2Multi-Family Homes

To analyze the incremental cost of building mdiinily homes ta more stringent energy efficiency
standard ERG used data provided by Aveelousing2020a; 2020b; 20200n construction and
operating costs for 1ghulti-family buildings constructeéh Mainebetween 2005 and 2018 hese
include severtodecompliant one passive design, two higierformance, and twa.eadership in Energy
and Environmental DesighEEDBuildings Avesta tracks initial constructiasosts operating costs, and
energy use foeach of these building@vith construction yearcostsupdated to 2020 dollarsERG

4 Spreadsheet analysiglédd . L1 wa/ / RFEGF NBljdzZSadgs5w! CCY@HYnp ®PMMOPHAHA P
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converted the energy use infmounds ofCQ using theconversion factors frorable37 above, specific
to the fuel type used in eachuilding for heat and hot water (natural gas, propane, and/or electricity,
depending on the building). We assume td&t86percent of the energy us@ each buildings for
heating andb6.14percentis for hot water, based on thEnergy Information Administratidh@018)
estimates for multfamily buildings with more than five units.

Table39 presents theaverage cost per apartment unit and pet fibr buildingsbuilt to each design
standard, as well asnergy use (in Million British Thermal Units) and:€issionsinitial costs per unit
were higher for each nenode compliabhdesign, but operating costenergy use, and G@missions
were significantly lowerWhen considered on a pé basisthe same conclusions hold, with the
exception of initial costs for the higherformance design which, inthe case of the twduildings
included in the datawere actuallyjoweron averageahan for the codecompliart buildings.

Table39. New MultiFamily Homst Summanpof Incremental Cost and €Saved per ft
: Million British o
Operating ; Initial Cost/CQ

Thermal Units / CQ/Year (Ibs) Savingg$/lb )

Year

Building Design Initial Costs

Costs/ear

Averageper Unit

Codecompliance $119,034 $1,303.87 65.77 3.4471 T
Passivalesign $138,655 $832.76 24.33 1.6277 T
Highperformance $155,032 $806.18 37.09 2.1121 T
LEED $134,697 $750.90 35.21 1.9666 T
All non-code compliance $144,679 $794.79 33.49 1.9515 T
Averageper ft?

Codecompliance $164 $1.80 0.09 0.0048 T
Passivalesign $165 $0.99 0.03 0.0048 T
Highperformance $161 $0.84 0.04 0.0048 1
LEED $170 $0.95 0.04 0.0048 T
All non-code compliance $165 $0.90 0.04 0.0048 T
Incremental Difference from Code Compliance per Unit

Passivalesign $19,621 -$471.12 -41.44 -1.8194 $10,784.1¢
Highperformance $35,997 -$497.70 -28.68 -1.3350 $26,965.1(
LEED $15,662 -$552.97 -30.56 -1.4804 $10,579.4%
All non-code compliance $25,644 -$509.09 -32.28 -1.4956 $17,147.10
Incremental Difference from Code Compliance pet ft

Passivalesign $0.87 -$0.81 -0.06 -0.0028 $309.09
Highperformance -$3.19 -$0.96 -0.05 -0.0026 -$1,246.14
LEED $6.02 -$0.85 -0.05 -0.0023 $2,654.87
All non-code compliance $0.37 -$0.89 -0.05 -0.0025 $146.85

Source: ERG analysis based on Avesta Housing (2p8ata on multfamily projects in Maine 20@2016.

Note that the square footage per unit varies for each building analyzed, with an average of 725 square feet per urlifigsbt
built to code compliance, 840 square feet per unit for passive design, 963 for high performance, 792 squard_teeD, and
879 square feet for all buildings that exceed code compliance combined.

7.1.3 Recommendations for Further Analysis
Future analysis could focus on:

1 Disaggregatinghe initial and ongoingcostsfor singlefamily buildings.
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i Estimatinghe costsandbenefitsfor commercialandindustrialbuildings.

1 Investigaing costsfor multi-family buildingswith other buildingdesignghan thoseusedby
AvestaHousing suchasthe IECQ015and DOK2019)requirements

1 Performingadditionalactionsidentified in the Buildings)nfrastructure,and HousingWorking
Grou @020)StrategyRecommendationtw® Mitigate Emissionsind SupportResiliencén
Maine Buildings suchastraining, requiringproof of codecomplianceto insurenew properties,
amendingthe Maine Uniform Buildingand EnergyCodeto require disclosureof energy
performancecharacteristicsand authorizingEfficiencyMaineto includeenergysavingdeyond
baselinecompliancdevels.

7.2 TRANSITION TOCLEANERHEATING ANDCOOLINGSYSTEMSAND IMPROVE THEEFFICIENCY AND
RESILIENCY OEXISTINGBUILDING ENVELOPE

This section combines two strategies of Beildings, Infrastructure, and Housing Working Group

i Strategy2 would replaceoutdated,inefficientheatingand coolingsystemsn existingbuildings
with newer,more efficient heatingand coolingsystemsthat reducecostsfor the consumeras
well asgreenhousegasemissionsFifty-sixpercentofa I A yh8uSidgstockwasbuilt before
1980(with inefficientheatingsystems)Maine Housing2019) providingan ampleopportunity
to retrofit existinghousingwith more efficient systems

i Strategy3 wouldtargetthe building envelopesof existing buildingsto reducethe amountof
energyneededfor heatingandcooling,i.e., &weatherizationd hiscouldincludeincreasing
insulationor reducingthe amountof air leakage(Maine ClimateCounciBuildings,
Infrastructure,and HousingWorkingGroup,2020)

7.2.1 Economic Analysis Results

Usingcalculations and data provided by the Efficiency Maine T@2620a) Table40 presentsseveral
cleaner heating and cooling systealsngside weatherization of existing building envelopaghe basis
of costeffectiveness in reducing G&missions (second column fronftle the benefit cost ratio (second
column from right), and annu&Q savings For examplea new heat pump hot water heatéras the
second highest cogffectiveness per metric ton of carbon dioxide saygecond columnhighest
benefit-cost ratio at 2.9Xfourth column) and one of the lowe€Q savings per year at 0.6 metric tons
(far right column)

The key takeaway idl®f these strategiesave cstsandreduceCQ (based on their negativeost
effectiveness value in the second columthus, theyare costeffective actionghat Maine shouldocus
on to reduce emissions in the near terthshould be noted thathe costeffectiveness metric can
sometimes be misleading when dealing with cost savemgsn increasingly negative number is not
necessarily a benefit; rather, it could be an indication of a very high cost savings and a vegGmall
savings. Thus, the measures should not simply be impiéedebased on the costffectiveness as the
benefit-cost ratio and overall capacity for €§avings (among other factors), should be considered.
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Table40. Summary of Cleaner Cooling and Heating Systems and EXxisting Building Eny
Results

Measure k ¢20l f2 CQSavings Benefit CQ (Metric

Savings (Metric 6 a S NA O CostRatio Tons) Savings
Total Cost Per Year

One heat pump New -$234.2 -0.0043 2.50 0.576
One heat pump Retrofit -$90.3 -0.0111 129 2.049
Twoheat pumps- Retrofit -$59.9 -0.0167 1.03 3.189
Whole homeheat pumps- New -$117.8 -0.0085 1.94 4,704
Heat pump water heater New -$362.6 -0.0028 291 0.600
Heat pumpwater heater- Retrofit -$209.3 -0.0048 114 0.618
Highefficiencynatural gasboiler - New -$434.1 -0.0023 1.28 3.018
High efficiency natural gas boileRetrofit -$361.2 -0.0028 0.33 3.018
Pellet boiler- New -$19.9 -0.0502 0.72 8.102
Geothermal New -$62.1 -0.0161 1.16 6.052
Weatherization -$112.7 -0.0089 1.02 0.994

Source: Efficiency Maine (2020a) and other sources noted inThig.table illustrates different ways of comparing costs an
benefits for each measure. Assumptions about the baseline fuel type and efficiency, and the avoided costs, may vary
eachof the four columns.

7.2.2 Methods and Limitations

Transitioning to cleaner cooling and heating systems and weatherizing existing building envelopes both
includeaonei A YST dzZLJFNRy(d 024G 2F AyadlttAiyd GKS aeadsSy
Claaner cooling and heating systems altsveoperational costs over timebut they are lower than the

older, inefficient systemaBoth strategieshould subsequently result ieduced energy usever their

lifetimes. This reduced energy use results in lower energy costs, as wellased C@emissionsBy

comparing the initial measure coglusany operational lifetime cost® the operational costsf the
existingalternative, wecanassess thehangein costs andcompare it to theenergy/CQ savinggo

calculate the coseffectiveness in terms afollars pemetric ton of CQ reduced

The measure cosshown hereconsiderwhether the measureis yad -t £t SR +Fa aySgé 2NJ |
New installations are performed whenpiece of equipment has burned out, or if the equipment is a

new addition to the buildingin this casethe cost is the incremental cost difference between a baseline

new system and thaew efficient option. Retrofits, by contrastraperformed when the existing system

is working in which case the measure cost is the full cost of purchasing and installingwhefficient

option. None of the measure costs presented integraity incentives paid to consumefs

The operatingostsconsiderthe annual operating cost of the baseline system dranew efficiency
option over the lifetime of the measure (which igas from 13 to 25 years, depending on the measure).
This includeavoided costs achieved through energy conservation or fuel swit¢higgavoidedcosts
from no longer using ofb meet the old energy requiremenfdus new costs from using electrictty

meet the new energy requiremenjtdPropane, distillate fuel oil, and natural gaseegy prices are based
onthe Energy Information Administrati@d@020)Annual Energy Outlodbr residential energy prices

in NewEngland We calculatedhe averagecost (in 2019% per Million MetriBritish Thermal Unjtover

the measure lifetime by averaging tiaergy Information Administratioestimate from 2020 onward

BeKAE FLILINRFOK A& O2yaia {e82ghjRetdiliRésidentaF TEdhitichl Refabehce Mankay’ S ¢ Nz
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(through 2032 for measures with a-y@ar lifetime, 2037 for measures with an-g¢8ar lifetime, and
2044 for measures with a 2Akear lifetime).

Becausa Ay SQa

St SOGNROAGER

LINKA OS &

I NB

AAIYAFAOI YL@

England stateswve use théMaine Governor's Energy Offi¢2020)estimate for 201%nd project it
forward using the growth rate of electricity prices in tBaergy Information Administratidh@020)
Annual Energy OutlookVe then calculag¢ the 13, 18, and 25year averages. For wood pelletge also
usethe Maine Governor's Energy Offi¢2020)estimatefor the 13-, 18, and 25yearaverages

WeusedCQ emissions fronthe Energy Information Administratiof2016)for all but the electric grid,
which useghe most recent emissions report frof80O New Englan@020)

Table41 shows the costiifetime operational costs and savings, and lifetime €4ings for each
measure For examplea new heat pumpas a lifetime cost savings d?, 829 alifetime CQ savings of
10.4metric tons, a cost savings of $220 for each ton of C&saved and saves0.0043 tons of C{per

dollar saved
Table41. Summary of Lifetime Carbon and Investment $avin
= = ( O
casUre etime etime ' Q 0 Q aving
ed e 5 allona allona 5 d O d O >
0, A O e e ( da
0, 0, Ola 0,
Formula a b c d=a-c e f=d+e | g=e+d
One heat pump New $682 $865 $3,111 -$2,429 10.37 -$234.2| -0.0043
One heat pump $3,800 $12,167, $7,132] -$3,332 36.89 -$90.3| -0.0111
Retrofit
Two heat pumps $7,600 $19,076 $11,041 -$3,441 57.41 -$59.9 -0.0167
Retrofit
Whole home heat $3,900 $33,698 $13,874 -$9,974 84.67 -$117.8| -0.0085
pumps New
Heat pump water $700 $2,158 $3,527| -$2,827| 7.80 -$362.6| -0.0028
heatert New
Heat pump water $2,000 $2,158 $3682| -$1,682 8.03 -$209.3| -0.0048
heatert Retrofit
High efficiency natural $1,500 $36,079 $34,249 -$32,749 75.44 -$434.1] -0.0023
gas boilet New
High efficiency natural $7,000 $36,079 $34,249 -$27,249 75.44 -$361.2| -0.0028
gas boiler Retrofit
Pellet boiler New $12,924 $53,368 $16,960 -$4,036 202.56 -$19.9] -0.0502
Geothermat New $31,000 $29,101 $40,391 -$9,391 151.30 -$62.1| -0.0161
Weatherization $6,800 N/A $9,601 -$2,801 24.86 -$112.7] -0.0089

Source: Efficiency Maine (2020a) and other sources noted in text.

Note: All $ estimates are in 2019 dollars based oEmergy Information Administratiof2020)energy forecast for New
England and not adjusted for net present value. Social cost of carbon estimates are also not included.

Table42 compares the measures using thenefit-cost testthat the Efficiency Main&drustemployedin

Ala
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exceed costBy thismetric, heat pump hot water heaterand heat pumps are among the best

performers,with benefits exceeding costs by a factorta to three times. The high efficiency natural
gas boiler retrofit measureyhile havinga relatively high ratio of the change in total cost to,G@vings
(in Table41 above) has a benefitost ratio of less thad, as does the pellet boiler.

Table42. Efficiency Maine Primary Benefit Cost Tést

Measure

Heat pump water heatar New $700 $2,186 $750 2.91
Oneheat pumg New $682 $2,890 $1,000 2.50
Whole home heat pumps New $3,900 $21,598 $1,500 1.94
Oneheat pumg Retrofit $3,800 $5,339 $1,000 1.29
High efficiency natural gdmilert New $1,785 $2,282 $1,000 1.28
Geothermat New $31,000 $37,778 $3,000 1.16
Heatpump water heater Retrofit $2,000 $2,278 $750 1.14
Twoheat pumps Retrofit $7,600 $7,927, $1,500 1.03
Weatherization $6,800 $6,950 $3,400 1.02
Pelletboilert New $12,924 -$7,152 $3,400 0.72
High efficiency natural gas boiteRetrofit $7,000 $2,282 $1,000 0.33

Source: Efficiency Maine (2020a) and other sources noted inTthig.table applies different baseline assumptions abo

efficiency and fuel type for natural gas boilers and single heat pungw than were applied in Tables 41 and 43.

[a] All estimates come frorthe 2018Avoided Energy Supply Componshidy with baselines and values matching

Efficiency Maine'sssumptions

[b] Benefits include energy and water benefits and fuel costs.

Table43 summarizes thannualsavingsof CQ emissionsandannual savingef Million British Thermal
Units(MMBTU)per year.Please note that these are napplesto-apples comparisons because some
are whole house solutions and others are partial house solutibhis table is presenteid this methods

sectionto show how we calculated these annual savings.
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Table43. Cleaner Heating and Cooling Syster@€) Reduction and Cost Efficiency
Operating C@ Baseline C& MMBTU MMBTU  CQ (Metric

Measure (Metric Tons) | (Metric Tons) Consumed Savedper Tons) Savings
per MMBTU | per MMBTU per Year Year Per Year
Formula a b c d e=((c+d)yxh
-(axc)
One heatpumpr New 0.087 0.073 0.9 8.1 0.576
One heat pump Retrofit 0.087 0.073 13.1 30.5 2.049
Two heat pumps Retrofit 0.087 0.073 20.5 47.6 3.189
Whole home heat pumpgsNew 0.087 0.073 36.3 71.3 4.704
Heat pump water heatar New 0.087 0.079 3.2 7.9 0.600
Heat pump water heatar Retrofit 0.087 0.079 3.2 8.2 0.618
High efficiency natural gas boiter 0.051 0.073 99.5 114 3.018
New
High efficiency natural gas boiter 0.051 0.073 99.5 11.4 3.018
Retrofit
Pellet boiler New 0.000 0.073 131.4 -20.6 8.102
Geothermat New 0.087 0.073 22.4 87.1 6.052
Weatherization N/A 0.067 N/A 14.8 0.994

Source: Efficiency Maine (2020a) and other sources noted in text.
Note: This calculation also considers baseline system efficiency estimates that are not inclinie thisle

7.2.3 Recommendations for Further Analysis

For measures thawitchfrom combustion to electrical end useéhjs analysis used the most recent
average marginal emission factors from I$€v England2020)and (notwithstanding various state
policies to increase the share of renewable energy on thé dads not apply forecasts of cleaner
emissions over time. As the grid gets cleaner, these measures will offset more eatiogear Future
analyses could factor thiinto the estimates presented Fable41.

7.3 LEADBY EXAMPLE INPUBLICLYFUNDEDBUILDINGS

Strategy 4 of théuildings, Infrastructure, and Housing Working Graiiphighlight the Statef

MaineQad f S RSNAE KA LJ N hdSnitigagion 6y tadcelerating theNiBidine fofASBage@yl. |
(improve thedesign ancconstruction ofnew buildings) in publiclyunded buildings. It will amend the
rules and policies for procurement of affordable housitgte government buildingsand schod at the
K-12, community college, and university levels.

Benefits: Swiftly adopting best practices in these highisible, collectiveljunded andcollectively used
buildings will demonstrate the feasibility of practices outlined in Strategy 1, offeoritant experience
and learning fostatewideimplementation, and maximize the economic and climate benefits of-high
performance construction for taxpayers

7.3.1 Economic Analysis Results

The return on investment for these projects will dependtbeir nature (return on investmentestimates
and costeffectiveness analysesin be found throughouSection 7of this repor). In addition to the
return on investment of the projects themselvedemonstratingthe costeffectiveness of these projects
to the pubilc offers a huge additional value to Maires theyhelp change minds anihcreasethe
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chancethat others will similarly implement costffective emissiongeducingprojects Whileit is hard
to quantify the value of leading by exampige present a casgtudy that qualitatively demonstrates
how these types of projecigead to additional projectswhichin turn provide an economic benefit

SUCCESS STORY: TOWN OF BRISTOL SOLAR ARRAY PROJECT

The Town of Bristol added a solar array at its transfation (financed by Coastal Enterprises, Inc.), and
.NR a2t Qa aOKz22f aeadasSy Ifaz2 LIzNOKF&aSR |y | NN
both relatively small projects in terms of the overall impact on the grid; however, thiegs got the people
of the town talking and asking questions about their eeectiveness.

To change the minds of skeptics and enhance the confidence of proponents, the Town of Bristol demon
the costeffectiveness ofead-by-example projects, which helped justify more substantial future investment
Approximately a year later, the Town of Bristol decided to implement a much more substantial solar arre
(Egan, 2020).

ERG interviewed John Egan with Coastal Enterprigesaloompany that has financed sustainable energy
products throughout the state. They financed the Ksgebxample project at the transfer station in Bristol,
which they worked with SunDog Solar to place.

7.3.2 Recommendations for Further Analysis

Developing a baseline of energy use in publicly funded buildings could help identify opportunities to
maximize the effectiveness of this strategy. Additiondtlwill be useful to compile additional examples
of success stories to not only spmject returns on investment, but also whalypesof building projects
generate these positiveutcomes which could help motivate implementation.

7.4 ACCELERATE THIDECARBONIZATION OFENDUSTRIALUSE ANDPROCESSES

Strategy 5 of théuildings, Infrastructure, and HougiVorking Grougalls fora literature review on
the benefitsof differentfuels for a longerm plan for fuel switching in the industrial sector.

Benefits:Benefits primarily include potential cost savings ardkareaseof emissions in the industrial
sector.

7.4.1 Economic Analysis Results

Fuel switching can result in cestfective measures over time that reduce emissiddatural gas is
becoming more costffedive as technologies improve. Though it has been expanding as a heating fuel
for residential use, it is also a viable candidate to expand into the industrial space, esjecially
industries that rely on heating iDickerson, 2012)irst generation biofuels are not currently a viable
source of energy because of ihémited scale. Second generation biofuels are currently in the research
and development phasand research showthat they may have trouble reaching a competgiprice
(Dickerson, 2012Additional sources of energy couddentuallybe costeffective for Mainesuch as

wind, solartidal, gasification of biomass, hydrogéechnologiesand hydroelectriprojects however,

not all of these energy sources would be appropriate for all industriss@e indutries, such as pulp

and paper need thermal energy abowghat electricity providesThe overall benefits of fuel switching

far outweigh the negative impacts. Switching to sthtesed energy production over importetergy
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would give Mainemore autonomy and create less sensitivity to market fluctuatiomsaddition to
creating and retairingjobst and improve the quality of life for Maine(Bickerson, 2012)

7.4.2 Methods and Limitations

ERG performed a literature revidw find the quantitative and qualitative benefits of reducing emissions
andpursuing a longerm plan for industrial fuel switching in process heatidthough argescale fuel

switching involves large upfront costscan beneficiallyi NI y & F2 NY a | A y SThéarefdrgy R dza (i NA
it is important to characterize the impacts of projects that includel switching ora largescale

7.4.3 Recommendations for Further Analysis

Expandinga model to cover different fuel typesver various timeframes could helaine estimate
severalbenefits and costfor different fuel and system switching scenarigslditionally, further work is
needed to understand emissions from biomass energy in the industrial sétadme DEP is required by
law to adopt rules to track and report annual gross and net greenhoasegissions by July 2021.
Maine DEP is developing the methodology for calculating net emissions and will be working with
stakeholders in early 2021 to develop a proposed rule for adoption by the Board of Environmental
Protection.
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8. CONCLUSION

TheState of Maine should use theseconomic analyses to determimehetherthere is an economic

case to implement a strategy, or if one might be made in the future given additional research. In
addition, althoughthere may not be a clear economic case to implement atsgyyon a statewidescale
we havehighlighedinstances in which there &svery compelling case to implement the strategy at key
sites (e.g.maximizing cebenefits) with additional analysi¥he eonomic analysis resulis this report
should notbe the decidng factorin whether Maine prioritizes a strategy.Instead, Maine must consider
theseresultsalong with variables such as political feasibility, equity, and community support.
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APPENDIX A.BUILDING ENERGYOPTIMIZATION TOOLINTERFACE

Forthe analysis ofew singlefamily homegSection7.1.2.), ERG used thdational Renewable Energy Labora@i§018)Building Energy Optimization Totil
allows the user to select from a number of options, sashnsulation, windows, space conditioning, etc. (SggireA-1).

FigureA-1. Building Energy Optimization T@tions Screen
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